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INTRODUCTION 
Seed dormancy is a major characteristic which enables annual weeds 
to persist as serious infestations in spite of agronomic practices 
designed to favor the crop. Giant foxtail (Setaria faberii), yellow 
foxtail '(Setaria lutescens) and Pennsylvania smartweed (Polygonum 
pensylvanicum) are important weeds of corn fields in Iowa and much of the 
corn belt. Annual weeds, as contrasted with an annual crop like corn, 
are species with dormant seeds which germinate under a narrow range of 
environmental conditions. 
Dormancy of seeds is broken when appropriate environmental conditions 
are present, when the enveloping structures of the embryo are permeable 
to gases and water and plastic enough to permit embryo expansion, when 
the embryo is mature and when inhibitors are either absent or present in 
subminimal amounts. Studies of weed seed dormancy and germination 
patterns have delineated two major types of dormancy; environmental 
dormancy and inherent dormancy. Types of seed dormancy are distinguished 
by Amen (1965) on the bases of whether the seed is in a state of suspended 
growth due to some environmental factor or whether the seed condition is 
endogenously controlled and therefore independent of environmental 
factors. Environmental dormancy is defined in the first instance and 
inherent dormancy in the second instance. 
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Recently, it has been shown that overwintering of seed of many 
weed species results in a high percentage of seed being in a state of 
environmental dormancy during the spring or fall. During this time the 
narrow range of germination requirements has been expanded considerably. 
Therefore, it is suggested that the manipulations of COgZOg ratios may 
result in prompt germination or conversely may result in the development 
of inherent dormancy. • " 
.This study represents an attempt "to characterize the patterns of 
dormancy of selected annual weed seed as found in cultivated soils 
through a year and to investigate the gaseous environment as it relates 
to these observed patterns of seed dormancy and germination. Many of 
the experiments were necessarily exploratory in nature, but served to 
indicate the probable roles which variable concentrations of COg and 0^  
may play in germination. 
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LITERATURE REVIEW 
Seed dormancy is a major characteristic which enables annual weeds to 
persist as serious infestations in spite of agronomic practices designed 
to favor the crop. Giant foxtail (Setaria faberii), yellow foxtail 
(Setaria lutescens) and Pennsylvania smartweed (Polygonum pensylvanicum) 
are important weeds of corn fields in Iowa and much of the corn belt. 
Annual weeds, as contrasted with corn, are species with dormant seeds 
which germinate under a narrow range of environmental conditions. 
Investigations of weed seed dormancy to date, have shown the causes 
of dormancy in a number of species, have described methods of breaking 
dormancy for purposes of seed germination tests, and have shown clearly 
the importance of such factors as sensitivity to light, immature embryos, 
impermeable seed coats and germination inhibitors in the maintenance of 
dormancy. 
The major external factors necessary for germination of weed seeds 
are adequate soil moisture, optimum temperature and an adequate supply 
of Og. The importance of each of these factors has been amply demonstrated, 
but few investigators have considered low availability of 0^  or high 
levels of C0„ as possible causes of limited weed seed germination. 
d 
This literature survey presents first an evaluation of the ecological 
evidence and information regarding the patterns of weed seed germination 
k 
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observed in cultivated and non-cultivated fields. The second part 
summarizes the physiological studies which have led to an increased 
understanding of the various adaptive .mechanisms which contribute to weed 
seed dormancy. Special reference is given to the effects of 0^  and CO^  
on seed germination. 
Periodicity of Germination 
Among the first observations of sporadic weed seed germination over 
extended periods of time were those of Nobbe and Hanlein (1877). The 
sporadic nature of germination was substantiated further by the studies 
of Brenchley and Warington (1950). Their investigations revealed that 
a comparatively large number of seeds germinated sporadically, and in 
addition to this sporadic pattern regular periodic peaks in germination 
occurred every year. The peak times for germination was found to be in 
autumn and/or early spring. Bibbey (1935) found that many common weed 
species emerged either just prior to the earliest sown crops or just 
after the germination of the cereal crop. The agricultural significance 
of this periodicity response was pointed out by Pavlychenko (l9^ 9) and 
LaCroix (1961) who considered it as a major adaptive mechanism which • 
enables weed species to survive under cultural conditions. Pavlychenko 
observed further that weed seeds in general mature prior to harvesting 
of the crop .plant, thus large weed seed infestations for succeeding years 
are insured. A weed, as characterized by LaCroix (1961), is a plant 
species which persists in an artificially maintained habitat in such 
quantity that its exclusion becomes a major problem in crop production. 
Chepil (1946) investigated the periodicity of germination by planting 
seeds of various types in sterile soil and then counting the seedlings 
which emerged during succeeding years. Out of the 58 species investi­
gated only six had persisted in cultivated soil one year or less, I8 had 
life spans not exceeding three years, while in the remaining species, seed 
dormancy persisted for several years. 
Mechanisms of Dormancy 
Many investigations have attempted to determine the nature of 
dormancy in weed seeds. Brenchley and Warington (1930) defined two 
types of dormancy which existed in the seeds they studied, natural 
dormancy was considered to be a condition found in freshly harvested 
seeds which did not germinate under environmental conditions generally 
favorable for germination. Induced dormancy was defined as a condition 
imposed upon seeds by some environmental factor or factors which served 
to supress germination. These environmental factors did not affect the 
viability of the seed and as a consequence when the supressing factor 
was removed prompt germination resulted. Bibbey (1948) proposed the terms 
"inherent dormancy" to describe natural dormancy and "environmental 
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dormajicy" to describe induced dormancy. Bibbey (1948) further pointed 
out that environmental dormancy may be of greater importance in longevity 
of weeds seeds than was previously recognized. He found that seeds of 
Thlaspi arvensis, Brassica arvensis, and Avena fatua after-ripened during 
the first winter or spring, and thereafter, throughout most of the 
growing season they remained in a state of environmental dormancy as 
evidenced by the fact that exceptionally high germination occurred when 
the seeds were washed out of the soil. 
The development of a superior weed control program must depend on 
a precise understanding of the nature of this environmental dormancy. 
The effectiveness of cultural operations and herbicides depends on the 
timing of the treatments to coincide with peak periods of weed seed 
germination. Bush (1964) found that the soil fumigants were much more 
effective if applied when weed seeds were in a non-dormant condition. 
Crocker (l9l6) recognized early that some seeds could pass through a 
state of environmental dormancy into a state of inherent dormancy. He 
divided inherent dormancy further into two stages. Primary dormancy 
being present immediately after harvest of the seed and continuing until 
the seed after-ripens whereas secondary dormancy is considered to result 
when a seed exhibiting environmental dormancy is subjected to a condition 
which causes it to revert back into inherent dormancy. 
This pattern of dormancy has been demonstrated for many species and 
can be attributed to physical and physiological factors and to an inter­
action of these factors. The dormancy patterns of weed species used in 
this study will be reviewed in detail. 
Morre' and Fletchall (1963) found that dormancy of Setaria 
faberii could be attributed primarily to embryo dormancy as quantitatively 
influenced by the maturity of the seed. This embryo dormancy was found 
to be broken in late February or early March by stratification in the soil 
under field conditions. Non-dormant seeds were found to germinate over a 
temperature range of 15° to 30° C. with optimum being 20° to 25° C., in 
either light or dark. They found also that freshly matured seed are 
resistent to attack by microorganisms which could be attributed to a 
condition of the bracts. A water soluble inhibitor present in the 
caryopis was also found, however extraction of this inhibitor did not 
significantly increase germination, thus its role remains uncertain. The 
pattern of germination, observed from studies covering several years was 
cyclic in nature, with maximum germination occurring in the spring and 
independently of external conditions. 
Nieto (1965) investigated Setaria lutescens and found dormancy 
could also be attributed to embryo dormancy. This condition was readily 
terminated if the seed was stratified, but in addition he found that 
termination of caryopsis dormancy did not always result in prompt 
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germination unless the lemma and palea were removed. The exact role 
of these enclosing structures was not determined. The pattern of seed 
germination observed in the field was also similar to that of Setaria 
fàberii with a majority of seed ready to germinate in the spring follow­
ing the year of maturation. Chepil (1946) investigated the germination 
pattern of seed of Setaria viridis and found that seed matured in the 
fall season germinated close to 100^  the following spring. 
The dormancy pattern of Polygonum pensylvanicum has been investi­
gated by a number of researchers and at present is considered to be of a 
complex nature. Ransom (1935) found that seed stratified for five months 
resulted in germination of as compared to seed kept in dry storage 
where after-ripening did not occur. Justice (l94l) found that seed of 
Polygonum pensylvanicum after-ripened during stratification also and 
especially so if the seeds were chilled in water as compared to being 
placed between layers of moist cotton. LajCroix (1961) also investigated 
the nature of dormancy in Polygonum pensylvanicum. He found that embryo 
dormancy and germination inhibitors were implicated in the pattern of 
dormancy. These factors however were modified depending on the overall 
stage of dormancy present for the particular seed lot investigated. 
Dormancy of Abutilon theophrasti was investigated by LaCroix and 
Staniforth (196k) who showed that the main mechanism preventing germina­
tion was a hard seed coat. Other factors were found to be operative in 
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maintaining dormancy in a few seeds after imbibition had occurred. The 
mechanism of the chalazal slit was investigated and found to close when 
a drop of water was added and to reopen as the water evaporated. The 
action of this mechanism was believed to result in changes in the 
internal structure of the seed by a loss of water. It was also found 
that one of the first visible signs that the hard seed coat condition 
had been terminated was a ridge-like protrusion in the region of the 
chalazal slit. 
Role of Og in Germination 
Wareing (1963) has stated that though it is well known that seeds 
require conditions of adequate aeration for germination, precise informa­
tion on the Og requirements of seeds is surprisingly meagre. He suggests 
further that the 0^  requirements may, depend not only upon the demands of 
the embryo, but also on the permeability to 0^  of the enclosing structures 
of the seed. Carr (1961) takes issue with blanket statements such as, 
"a supply of Og is necessary for germination (Stiles, 1950)" because 
seed of a number of plants has been shown to germinate in the absence of 
... 
Morinaga (1926a) demonstrated early that seeds of many land-plant s 
will germinate in low concentrations of Og. He found that 4$ of 78 
genera of land plants would germinate under water and that 20 of these 
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genera germinated as well or better under water than in air. Morinaga 
(1926a) also suggested that dissolved Og may be important to germination 
since more seeds germinated if the atmosphere over the water was in 
contact with pure Og as oompared with air. 
Mullverstedt (1963) studied the influence of 0^  pressure on the 
germination of eleven different species. Seeds were divided into two 
types depending on their 0^  requirements. Alopecurus myosuroides, 
Rumex obtusifolius, Matricaria chamomilla, Foa annua, Apera spica-
venti and Veronica persica were found to germinate under low Og 
pressures (4^  to 7%), while Galium aparine, Sonchus asper, Chenopodium 
album, Stellaria media and Avena fatua required higher percentages of Og 
(12% to 17^ )-for germination. He also found that lack of Og induced 
dormancy in some species, while an absence of Og resulted in the death 
of seeds.- Barton (1950) found that seeds may be injured by high Og during 
the period when they are imbibing water prior to germination. 
James and James (l94o) studied the RQ of imbibing barley grains and 
found a rise from a value of 0.64 in the stored grain to I.5 followed by 
a decrease in RQ. This change was attributed to a film of moisture which 
formed over the grain and served as a partial barrier to Og absorption -
during different stages of gemination. 
Spragg and Yam (1959) observed in germinating peas that a rise in 
respiration after 30 to 56 hours corresponded consistently with the 
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splitting of the testa by the elongating radicle. They also compared 
respiration of intact seeds with that of seed in which the testa had 
been removed. The increase in 0^  uptake was 3 to 4 times higher in seeds 
with testa removed than with intact seeds. 
LaCroix (iP^l) found two types of germination patterns in seed of 
Abutilon theophrasti after the seed coats had been cut. "Germinating" 
seeds were those with a continuous pattern of elongation, while with 
"inhibited" seeds the radicle broke through the seed coat, but failed to 
develop further. Respiration of the "inhibited" seed leveled off while 
respiration of the "germinating" type increased at a rapid rate. The 
lower respiration rate was suggested as evidence for the presence of 
germination inhibitors. 
Spragg and Yemm (1959) found that over a temperature range of 4 to 
20° C. there was a linear relation between Og uptake gzid the absolute 
temperature for germination of pea seeds with testas removed. With intact 
seeds there was no linear relationship. Instead a gradual decline in 
rate occurred with increasing temperature. This reduction in rate of 
respiration indicated that Og diffusion across the testa was the probable 
factor limiting respiration at the higher temperatures. In addition to 
the enveloping structures which may limit gaseous exchange, other morpholo­
gical features may contribute to the free exchange of Og and COg. In 
this regard Spragg and Yemm (19^ 9) state that the very small volume of 
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the intercellular and other air spaces may contribute to a restriction 
of gaseous exchange.. . * * 
•Sifton (1959) .foutid that parenchyma cells of the embryos of Typha 
latifblia seeds contained large araourrts of aleurone grains which swelled 
during germination. This "swelling may further restrict exchange of 
gases. Nieto (1963) suggested that certain changes which occurred in the 
endosperm cells of Setaria lutescens during the termination of physiolog- -
ical dormancy may modify the permeability of cells in the region of the 
scutellum- thus interferring with gaseous exchange. 
The physiological action of 0^  as it affects germination of seeds 
was discussed by Carr (1961). He suggested that 0^  may have two functions 
in addition to its role.in aerobic respiration. It may be involved in 
elimination of germination inhibitors produced by or present in the seeds, 
and secondly, 0^  may be involved in the formation of intermediate compounds 
which promote germination. 
Wareing and Foda (1957) showed that embryos of Xanthium contained 
two fluorescent germination inhibitors which could be leached from 
excised embryos but not from intact seeds. Previous experiments .had shown 
that the embryo of the "upper" seed grew when placed on a moist filter 
paper at atmospheric percentages of 0^ . When precautions were taken to 
prevent leaching the excised embryos did not grow unless increased 0^  
tensions were employed. They concluded that Og was acting to breakdown 
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inhibitors rather than to increase the rate of respiration in metabolism. 
The work of Black and Wareing (1959) on Betula spp. is similar to 
the studies of Xanthium, but differs in one striking manner. The 
inhibitor in Xanthium can apparently be enzymatically degraded by activa­
tion of an oxidase enzyme system. The seeds of Betula germinated only 
about 20% when split open and exposed to atmospheric levels of Og. 
However, when the percentage was raised to 50% the seeds germinated 
C 
100%. Apparently, the inhibitor in Betula is not broken down enzymatically 
but must be leached out. -
Carr (1961) found that a critical stage existed in the germination 
sequence of seeds under anaerobic conditions which if continued caîused 
the seedlings to die. Barton and McNab (1956) found that before this 
stage is reached CO^  seemed to be more favorable for germination than Og. 
Soil Aeration 
Ritchie (1964), using the techniques of gas chromatography has 
substantiated the evidence of earlier workers, reviewed by Clements 
(1921), that the composition of the soil air resembles that of the 
atmosphere with the main divergences being due to a slight shift downward 
in the Og content with a complementary increase in COg production. 
Carr (1961) stated that of the various mechanisms for reestablish­
ment of atmospheric levels of Og in the soil gaseous diffusion of each 
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constituent under its own partial pressure gradient seems to be the main 
factor. Taylor (19^ 9) found that the rate of movement is related to the 
air space volume of the soil in a linear fashion and is governed largely 
by capillary air-spaces. 
Carr (I961) has summarized the difficulties in assessing the effects 
of aeration on plant growth. The stirring action would allow rapid 
attainment of equilibrium between free and solution phases of soil gases,' 
and second it would remove volatile materials and gases such as ammonia 
and COg. 
Effects of COg on Seed Germination 
The effects of CO on germination of seeds may vary with plant 
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species involved and with the partial pressures of CO^  to which seeds 
are exposed. Three major effects of COg on seed germination include the 
forcing seeds out of dormancy by exposure to COg, the role of COg in 
preventing water injury to seeds, and the influence of COg in promoting 
secondary dormancy in seeds. 
Harrington (191?) found that 6o^  to 8o^  COg was an effective forcing 
agent for Sorghum halepense seeds. Thornton (193^ ) found that freshly-
harvested and secondarily dormant seeds of lettuce were found to 
germinate when treated with 20^ " COg and 20^  Og for four days. The seeds 
did not respond to increased percentages of Og. It was also found that 
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5lo COg at 26° C. could replace the light requirement of freshly-harvested 
seed. This study indicated that at higher temperatures, a higher COg 
tension was required to break dormancy. Thornton (1935) in his work with 
cocklebur seeds found that a mixture of 20% 0^  and kOf^ o each of N and CO-
caused the germination percentage of intact "lower" seeds to double. If 
seeds were kept in an atmosphere of kO% to 6o% COg after the forcing 
period the radicles showed damage. However, if the forced seeds were 
transferred to air no apparent damage was observed. Germination did not 
occur in 100% CO^ . Recently, the work of Ballard (1958), Grant-Lipp and 
Ballard (1959) and Ballard (1961) has shown that seeds of Trifolium 
subterraneum L. are extremely sensitive to COg. Tensions of 2% to 3% 
above atmospheric levels resulted in nearly 100% germination. This 
doimancy breaking action was also found to be temperature dependent, since 
the efficiency dropped sharply above 25° C. and approached zero at 30°C. 
The second type of influence in which CO^  has been implicated is in 
preventing water injury to seeds (Barton and McNab, 195^ ). They observed 
that before the stage where anaerobiosis became critical to the life of 
the seed, COg was more favorable to germination than Og. In addition 
to protecting seeds against injury due to soaking in water or salt 
solutions. Barton (1952) found that COg reduced toxicity of selenium 
salts and of 2,4-D to embryos and increased the resistance 
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of seeds to low temperatures. The protection afforded by CO^  to the 
seeds may be related directly to the length of time which the seeds 
remain viable within the soil. Barton (19^ 5) observed that respiration 
of dormant seeds in an imbibed condition is very much less than that of 
non-dormant seeds. Kidd (1915) surmised that the delay in germination 
was related to the partial pressure of COg in the tissues of the embryo. 
Quantitatively, he found that the degree of depression appeared to be 
proportional to the square root of the concentration of COg over the 
range 0% to $0% CCL. Above 50^  of the"effect of increasing concentrations 
become less pronounced. 
The development of secondary dormancy in seeds due to hi^  COg 
tensions is the third aspect of the affect of COg on germination. 
Experiments by Kidd-(l91^ b) revealed two distinct responses of seeds 
after being removed from hi^  COg tensions. Beans, cabbage, barley, 
peas, and onions germinated immediately, while seeds of Brassica alba 
exhibited dormancy after removal from a high COg environment. Dormancy 
however was terminated by complete drying and rewetting. Kidd (l9l4a) 
believed that the seed coats of Brassica alba became less permeable to 
gases as COg pressure.increased in the embryo tissue. He also suggested 
that the condition of prolonged inhibition produced in seed of Brassica 
alba to be similar to the conditions of weed seeds, the germination of 
which is delayed in spite of suitable conditions of temperature and 
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adequate moisture. Kidd and West (1917) found that the presence of 
Og was necessary for the development of secondary dormancy. The best 
COgzOg ratio for producing secondary dormancy in seed of Brassica alba 
was found to be 20^  0^  and 2% COg. Injury to the radicle occurred at 
50^  to 8o^  COg* The dormant condition was apparently centered in the 
meristematic cells of the root tip because when these cells were killed, 
adjacent cells in the hypocotyl become active and normal germination 
occurred. 
Thornton (19^ 4) found that seeds of several economic crops would 
germinate in exceedingly high CO^  concentrations. Effectiveness of COg 
in retarding germination was found to vary among species and at different 
temperatures used during the time of germination. Seeds of white mustard 
reverted to secondary dormancy, lettuce was forced to germinate under 
normally adverse conditions, wheat was found to germinate in concentra­
tions up to 8o% COg, while delphinium was retarded in germination. 
Thornton also found that seeds which first were inhibited by exposure to 
high COg concentrations became adjusted so that in many species germina­
tion occurred. He also found that when seeds were removed to à normal 
atmospheric environment germination occurred with no apparent signs of 
injury. 
Physical Properties of COg in Relation to Plant Tissue 
Rabinowitch (194$) stated that water is the primary absorber of COg 
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in all organisms. The absorption of CO^  by plant tissue is partly a 
physical and partly a chemical process. Rabinowitch summarized the COg 
dissolved in water and its subsequent hydration and formation of ions 
by the following equations: (CO„(g.) = CO„(aq. ) = H„CO, = + HCO_ 
d d d ^ 5 
= 2H + CO^  ). The equilibria depend on pH, temperature, and the presence 
of dissolved substances. He stated further that carbonates of calcium 
and magnesium permit an increase in the concentration of the bicarbonate 
ions by a factor of 500 and 10 times, respectively. Carr (1961) stated 
that the solubility of CO^  in water is decreased by the addition of 
electrolytes. For example plant cell solutions (lO ^  moles/liter) may 
have a reduction of CO^  in solution from % to 10%. Other factors 
however favor increased absorption of CO^  into plan^  tissue. Rabinowitch 
listed these factors as follows: 
(1) Solvation in lipoids. 
( 2 )  Carboxylation of polyphenols. 
(5 )  Carbamination, a process which occurs in a slightly alkaline 
solution and involves the formation of carbamic acids 
(HgN - COOH) from the combination of amines and 00^ . 
The pH changes which occur in plant tissue under increased percen­
tages of COg vary according to the species and to the plant organ or 
tissue involved. Thornton (1955) found that the pH of cell sap fran 
vegetables and flowers increased when the COg concentration of the 
. 1 9  
atmosphere was increased up to 50^ . Ranson and Thomas (i960) found that 
Crassulacean plants showed the opposite response, i.e., an increase in 
the percentage of COg caused a decrease in the pH of plant cell tissue 
apparently due to the formation of organic acids (i.e., malic) at the 
expense of carbohydrates. The ratio of CO2 and 0^  dissolved in water 
over the temperature range of 10° to 50° C. is given in Table 1. 
Table 1. Solubility of 00^  and 0^  in water& 
Temperature (°C.) COg^ fgrams) 02(grams) (OOg/bg)^  
0° 0.3246 . 0.006945 48 
10° " 0.2318 0.005368 45 
20° 0.1688 0.004339 39 
30° 0.1257 0.003588 35 
Average 4l 
a^ta from Handbook of Chemistry and Physics, 39th Edition (1957-
1958), page 1606. 
W^eight of gas in grams dissolved in 100 grams of water when the 
total pressure is 760 mm. 
°Ratio is calculated from given values. 
In addition to the consideration that a given volume of water 
dissolves 41 times as much COg as Og over the temperature range of 0° to 
30°C., the following data from Rabinowitch (1945) in Table 2 present 
the distribution of COg between air and distilled water at 25°C. 
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Table 2. Distribution of CO^  between air and distilled water at 25°C.®' 
p COg in COg in raoles/liter (HCO^  ) in 
atmosphere Gas Solution moles/liter (H ) as pH 
10-5 4.07 y ë
 1 
5.57 X 10 7 3.78 X lo"? 6.42 
10"^ 
3.1 X 10"^ 
4.07 -6 -6 -6 X 10 • 3.37 X 10 1.24 X 10 5.91 
1.26 X 10-5 0.94 X lo"5 2.07 X 10-^ • 5.68 
ë
 1 
4.07 X 10-5 3.37 X 10-5 -6 3.92 X 10 5.41 
ë
 1 ro 4.07 X 10-^ 3.37 X IQ-^ 1.24 X 10-5 4.91 
10"^ 4.07 X 10-^ 3.37 X 10-3 -4 . 3.92 X 10 4.41 
1 4.07 X 10-2 3.37 X 10-2 1.24 X 10-3 3.91 
A^ssuming ideal gas laws and with = 0.827 and = 4.54 x 10 
N^ormal COg content of free atmosphere. 
Leopold (1964) has suggested several consequences of lowered temper­
atures in relation to CO and 0^  effects on plants. The mass action of 
2 2 
COg at lower temperatures would favor carboxylation reactions where 
equilibrium conditions are involved and increased amounts of Og would 
favor energy-producing aspects of metabolism, thus leading to increased 
metabolic efficiency. 
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METHODS MD M/ITERIALS 
The characterization of germinability and dormancy of weed seeds in 
the soil over a year period required the development of techniques to 
separate the soil from the weed seeds, and to separate the seeds of the 
several species studied. Seed, as used in this study, refers to physio­
logical "seed" which is defined by Amen (1965) as any structure which 
exhibits the properties and processes associated with true seeds. Seed 
used in this study was harvested from wild populations during the fall 
of the year. Seed harvested in previous years and stored at 5° C. was 
available also. Laboratory experiments to evaluate the effect of 
COgZOg ratios on weed seed germination utilized the techniques of gas 
chromatography, the techniques of embryo excision, and the usual seed 
germination test procedures. 
Germination of Weed Seed Removed from the Soil 
The dormancy condition of weed seed in the soil over a season was 
investigated with seeds obtained from soil samples taken from selected 
sites in infested fields. These soil samples were taken weekly during 
the spring and summer periods, and once or twice a month during the fall 
ajid winter. Species studied, were Setaria lutescens, Setaria viridis, 
Setaria faberii, Abutilon theophrasti and Polygonum pensylvanicum. 
Each of these species are serious pests in cultivated fields in Iowa. 
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Soil samples were obtained from two experimental fields located near 
Ames. The sampling site, designated Ash Avenue, contained large seed 
populations of Setaria lutescens, Setaria faberii and Abutilon theophrasti; 
the site designated Beech Avenue contained large seed populations of 
Setaria viridis, Polygonum pensylvanicum, Setaria lutescens and Abutilon 
"theophrasti. 
Soil samples were removed from square-foot areas, in one inch incre­
ments to a depth of six inches. Weed seeds were removed by washing the 
soil through appropriate screens. After washing, seeds were dried over­
night at room temperature and the several species were separated by a 
system of blower and screens. Quantitative estimates of the seed popula­
tions at each depth were obtained from seed counts of the various species 
encountered. Setaria viridis and Setaria faberii seeds were present in 
such large numbers in many of the soil samples that quantitative data 
were not practical for most aspects this study. 
Germination percentages of the seed from the various samples were 
determined using the following procedure. Seeds were placed on standard 
germination papers, in petri dishes with 6 to 8 ml of distilled water. 
The amount of water added varied with seed size. Germination tests were 
o o * 
run for two weeks in a 20 to 30 C. alternating temperature germinator 
(9 hours at 50° C. and 15 hours at 20° C.). The number of seeds used 
in these tests varied according to the seed populations found in the soil 
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samples. In some instances the seeds of several soil samples taken from 
the same depth in the same field were combined to increase the sample 
size for germination tests. Final germination percentages for each depth 
sampled were based on a minimum of two replications of 25 seeds each. 
Seeds of Polygonum pensylvanicum and Abutilon theophrasti were considered 
germinated when the radicles had elongated approximately -5 mm. With the 
species of Setaria elongation of both radicle and coleoptile was the 
criterion for seed germination. 
Germination of Weed Seeds with Variable Amounts of COg and 0^  
Investigation of the effects of various CO^ zOg ratios on weed seed 
germination required the development of special techniques to meet certain 
minimum requirements. These included the need to germinate seeds in con­
tainers of known volume, containing known ratios in the germination 
atmosphere, and adapted for rapid and accurate analysis during the entire 
germination period. 
Germination containers included anaerobic incubators of the type 
shown in Figure 1 for large numbers of seeds, and when the volume of 
gases available to the seeds was not a critical factor. Germinator 
temperatures were controlled to + 0.5° C. Results from experiments with 
the anaerobic incubators suggested that seeds would germinate at low Og 
concentrations with a relatively large supply of gas available under these 
2k 
Figure 1. Anaerobic germinator of the type used for studying 
the effects of COgZOg ratios on seed germinability. 
conditions. Further investigations of seed germination at low Og 
concentrations required the use of flasks, vials, and test tubes as 
germinators. Within these germinators the amount of 0_ could be varied 
per set number of seed, hence the minimum 0^  requirements for germination 
of a single seed under various COgiOg ratios could be calculated. 
Flasks were closed with rubber stoppers, fitted with a glass tube 
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for access to adjust gas ratios, and had a second hole drilled from the 
top to -within l/8 inch of the bottom. This second hole was filled with 
mercury and was so constructed that it could be used to sample gas con­
tained in the flasks. Loomis and Shull (1957) have shown COg to diffuse 
through rubber corks over long periods of time. Diffusion of 00^  through 
the rubber stoppers used in this study was determined and found to be 
approximately 0.2% over a two-week period when the initial CO^  concentra­
tion in the flask was 15%. Thus, diffusion losses were considered 
negligible in these studies. 
Test tubes and vials, of various sizes, were used to vary the initial 
amounts of 0^  down to a volume as low as two ml of air. The test tubes 
were fitted so that the amount of air initially present could be measured 
by water displacement into a 50 ml burette. This was accomplished by 
using two glass tubes through the stoppers. One tube reached to within one 
or two mm of the bottom of the inverted test tubes and allowed air or water 
to move in or out, without disturbing the seeds. A slice of rubber 0.5 cm 
thick was used to support the wet filter paper above the water level in 
the test tube. This was accomplished by cutting a hole in it and sliding 
it to the desired height on the glass tube which extended to the bottom 
of the inverted germinator tube. A filter paper was then cut and fitted 
/ 
over this rubber support. The edges of the filter paper were appressed 
close enough to the test tube wall so that the seeds would not fall down 
into the water. A second glass tube extended into the stopper, only 
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about 1 cm. This lower tube was connected by a rubber hose to the 50 ml 
burette filled with water. Adjustment of the test tube germinator to a 
lower level than the water in the burette allowed the tube to completely 
fill with water. Then by raising the tube, water flowed out into the 
burette. The amount of air entering the test tube germinator was adjusted 
to the desired value by measuring the amount of water which flowed into 
, the burette. The test tube arrangement is shown in Figure 2. Results 
Figure 2. Germinating seeds of Setaria viridis contained within 
inverted test tubes of the type used in the Og limiting 
experiments. 
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from the test tube experiments were more variable than expected and the 
water at the bottom of the tube was suspected of acting as a reservoir 
for various gases. Germinator vials of various sizes down to two ml 
capacity were used to eliminate the modifying effects of the water. 
The ends of the germinator vials were capped with serum stoppers. Seeds 
used in these experiments were exposed to a slight vacuum before being 
placed in the germinator vials so as to remove air trapped under the 
seed coats. This, reduced sample variation among seeds of a given lot. 
Various COgZOg rates were obtained with the evacuation procedures 
described by Umbreit et (1964). A Haldane-Henderson gas analyzer 
was used to estimate CO^ zOg ratios in anaerobic germinators. A gas 
chromatograph was used to determine the percentages of CO^  and 0^  
present in germinator flasks and vials. The advantages provided by gas 
chromatography, include high sensitivity, rapid and simple execution, 
and excellent quantitative accuracy with small samples. The need for 
limited volumes of gas and rapid determinations on large numbers of 
flasks made the gas chromatograph an extremely valuable instrument for 
this study. An Aerograph 90-P-5 gas chromatograph coupled to a Leeds-
Northrup Model H recorder, with a disc integrator, were used. Ritchie 
(1964) discussed several factors which may influence the accuracy of the 
gas chromatograph when used for quantitative measurements. These factors 
are divided and considered separately. These requirements are a 
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separation system which yields separate and well defined peaks, and a 
sample injection technique. Additional critical techniques include, 
balancing the factors of column temperature, column length, sample size, 
flow rate and detector current to produce well defined and separate peaks. 
Determinations of 0^ , CO^ , and Ng were made simultaneously for each 
sample by using two columns in the gas chromatograph. The internal column 
contained silica gel (50 to 6o mesh) and was used to separate COg. It 
was 1/4 O.D. tubing 40 inches in length and was maintained at a temperature 
of 115° C. The second column contained molecular sieve (30 to 1|0 mesh) 
and was used to separate Ng from Og. This column was l/4 inch O.D. -
tubing five feet long and was maintained at a temperature of approximately 
25° C. Carrier gas was helium, used with the inlet pressure of 30 p.s.i. 
and outlet pressure of atmospheric. The flow rate was approximately 75 
ml/min. The detector temperature was 120°C. with a filament current of 
200 milliamps. The total time required for sample ^ alysis was 
minutes. The arrangement of columns was in one continuous tube with the 
silica gel column first, the detector next, followed by the molecular 
sieve column and then back through the other side of the detector. With 
this arrangement one side of the detector served as the reference for 
COg and the other side as a reference for the Og and Ng. The use of the 
detector to measure both COg and Og and Ng simultaneously necessitated 
the use of a switch so that the incoming signals to the recorder would 
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all be in one direction. 
The techniques of sample injection and the calibration of the peaks 
of these samples followed the general procedure suggested by Ritchie 
(1964). A Hamilton gas-tight syringe (2.5 ml capacity), equipped with a 
Chaney Adaptor, was used to remove the samples from germination flasks 
or containers. The sampling technique included flushing the syringe 
» 
twice with 0.5 ml of gas before removing the 1.5 ml samples. Since only 
one ml was used for analysis the extra 0.5 ml of gas was forced out after 
placing the tip of the needle under water so a visual observation could 
be made as to the point where the gas in the syringe was at atmospheric 
pressure. The syringe was then inserted through the rubber septum of the 
chrcmatograph and the Chaney Adaptor turned to injection position and 
rapidly plunged down in one smooth movement. 
The percentage of a particular gas is determined by comparing the 
peak height or the peak area, times an attenuation factor, with the peak 
height or peak area, times an attenuation factor, of a standard gas. The 
attenuation factor refers to a resistence factor used to keep peaks on 
scale. Hence, this factor must be multiplied by the measured peak height 
or peak area from the recording chart to obtain the correct peak height 
or peak area. In future reference peak height or peak area will be 
considered as thç measured peak height or peak area multiplied by the 
attenuation factor. Ritchie (1964) found that peak heights from standard 
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gases of known CO percentages varied in a linear fashion. In order to 
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obtain this linearity wiih 0^  and it was found that peak areas had 
to be compared. Therefore, determinations of gases made in this study 
are calculated according to the above relationships. 
Accuracy of the sampling techniques was determined by withdrawing 
successive samples of a standard gas of known percentages of COg, 0^ , 
and Ng and injecting them into the gas chromatograph. Peak heights were 
used to calculate the COg percentages and peak area to calculate the Og 
percentages. These two methods assume gas samples of equal size injected 
with the same technique. Since this assumption is not entirely true a 
different calculation may be carried out to correct for variations of these 
two factors. The calculation procedure is described by Ritchie (1964) 
and is referred to as normalization. Results from this study are pre­
sented in Table 3» 
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Table 3» Values for COg and Og percentages of seven successive samples 
of gas withdrawn from a standard gas mixture containing 8,05^  
CO2 and 19.8^  Og, obtained with various methods of peak size 
measurements 
Sample 
Number 
Peak 
height 
COg 
Height 
method % 
Peak 
area 
°2 
Area 
method % 
Normalization 
method 'fo 
1 230k 8.11 50848 20.1 19.7 
2 22kO • 7.89 29440 19.2 19.8 
5 2352 8.28 50784 20.1 19.6 
2275 • 8.01 50016 19.6 19.8 
5 2291 8.07 50528 19.9 19.8 
6 2272 8.00 50400 19.8 20.0 
7 2266 7.98 50400 19.8 20.0 
standard deviation 0.11 0.29 . 0.14 
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RESULTS FROM STUDIES OF ANMJAL WEED SEED GERMINATION AS AFFECTED 
BY CARBON DIOXIDE AND OXYGEN 
The present study was undertaken to determine the dormancy condition 
of weed seeds as they are found in the field over an entire season and to 
investigate the extent to which changes in COg and 0^  concentrations might 
promote or inhibit weed seed germination. Soil samples containing annual 
weed seeds were removed from selected areas at intervals of one to two 
weeks throughout the year. The condition of the seed relative to the 
degree of dormancy was determined by germinating the seeds in alternating 
temperature germinators. Seed harvested in 196k, together with seed 
harvested in previous years and stored at 5° C., were available for farther 
investigations. 
The modifying effects of COg and 0^  on germination were studied by 
limiting the initial amount of 0^  present during germination of specific 
numbers of seeds, by varying the initial Og concentrations on the seeds, 
and by germinating the seeds under a range of COgZOg ratios. Additional 
studies of 0^  uptake, water-uptake, and the effects of hydrogen ion 
concentration on germinating seeds were conducted in conjunction with 
investigations of the inhibitory effects of high CO^  concentrations on 
seed germination. 
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Weed Seed Dormancy Under Field Conditions 
The dormancy pattern of annual weed seed was determined by removing 
soil samples from two cultivated fields at intervals of one to two weeks 
throughout the year. Initially, the fields were sampled uniformly, 
beginning in June 1964. Although this method required a larger number 
of samples, it served to delimit localized soil areas containing high seed 
populations of the weed species under investigation. Thereafter, the 
number of soil samples required at each sampling date were reduced without 
appreciably reducing the total number of seeds obtained. Soil samples 
removed consisted of a one-square-foot area of soil, six inches in depth, 
removed in one inch increments. After seeds were washed free of soil 
the species were separated with differentially sized screens. Seeds of 
Abutilon theophrasti, Polygonum pensylvanicum, Setaria lutescens, 
Setaria faberii, and Setaria viridis were obtained. A quantitative 
estimate of the number of weed seeds at each depth in the soil was made 
for the first three species but not for Setaria faberii and Setaria 
viridis because of the very large number of seeds present in the majority 
of samples. 
Quantitative estimates of viable seed at each depth 
The distribution of Abutilon theophrasti seed found at each depth, 
is summarized in Table 4. Values for each depth are percentages of the 
total seeds found at a particular site. 
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Table 4. Distribution of seed of Abutilon theophrasti in the top six 
inches of soil-profile expressed as a percentage of the number 
of seeds removed 
Sampling • Soil depth, inches Total seeds 
Date 123456 sampled 
Beech Avenue site 
June 1964 9.5 17.6 22.0 20.7 15.6 14.5 2748 
July 1964 6.6 7.8 12.8 25.9 25.5 21.4 1622 
Aug. 1964 11.1 10.7 16.7 18.6 18.6 24.3 646 
Sept. 1964 5.9 6.9 17.8 41.2 21.3 6.9 611 
Oct. 1964 8.6 5.3 9.1 16.5 28.0 32.5 4l8 
Nov. 1964 37.6 12.2 18.2 23.8 3.3 5.0 181 
Dec. 1964 14.1 11.9 12.5 21.1 19.3 21.1 327 
Jan. 1965 12.2 6.8 8.1 8.1 13.5 51.3 74 
Feb. 1965 19.2 23.1 15.4 3.9 3.9 34.6 26 
Apr. 1965 31.5 18.5 12.6 18.5 11.7 7.2 222 
May .1965 28.1 10.1 7.8 23.0 20.3 10.6 217 
Ash Avenue site 
June 1964 14.6 14.0 16.5 21.3 18.4 15.2 5626 
July 1964 15.9 19.0 20.3 19.4 13.1 12.3 — 6996 
Aug. 1964 12.2 29.2 15.1 18.0 15.0 10.5 2702 
Sept. 1964 7.0 14.6 15.7 20.2 18.4 24.1 2017 
Oct. 1964 15.9 11.0 13.3 25.8 24.4 9.5 2292 
Ilov. 1964 19.3 18.5 15.8 22.3 9.9 14.3 943 
Dec. 1964 15.8 11.1 11.0 14.1 24.8 23.3 1230 
Jan. 1965 6.9 9.5 16.8 13.5 28.1 25.2 452 
Feb. 1965 16.5 9.9 11.5 8.2 20.3 33.5 182 
Mar. 1965 4.1 11.9 12.6 20.4 24.4 26.6 579 
Apr. 1965 15.1 16.1 16.2 24.1 16.7 11.8 2228 
May 1965 5.0 14.6 16.3 19.2 23.1 19.4 2018 
Results indicated that the number of seeds present at any depth 
varied throughout the growing season. For example, the soil samples 
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removed during November from the Beech Avenue site showed high populations 
at the one-inch depth, reflecting the presence of newly matured seeds 
which had fallen in the area. In general, seed distribution remained 
nearly equal for each depth, with a slight trend toward'more seeds at 
the four-to six-inch depths. This may be the result of more seeds 
germinating from the upper three inches of soil, although other factors 
of a destructive nature must be considered. 
Data reflecting the distribution of Setaria lutescens seed in the 
top six-inch soil-profile are summarized in Table 5» This species showed 
a seasonal variability with large numbers of seed in the upper levels 
during the fall and winter months following the additions of newly 
matured seed. The higher percentages of seeds present at four- to six-
inch depths, during the period June to September resulted from the spring 
germination of seeds in the upper three inches, which depleted seed 
populations at those depths. This was in agreement with results reported 
by Bush (1964) who observed that germination of buried seeds began on 
April 15 and was essentially completed by June 15. The large populations 
of ungeminated weed seed which were found about equally throughout the 
season illustrate a formidable problem to a weed eradication program. 
The large number of seeds present at all depths sampled was however, 
contrary to the observation of Morre' and Fletchall (1963), who suggested 
that fully 80^  of Setaria faberii seed germinated or was destroyed in the 
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Table 5» Distribution of seed of Setaria lutescens in the top six 
inches of soil profile expressed as a percentage of the number 
of seed removed 
Sampling Soil depth, inches Total seeds 
date 1 2 $ 4 5 6 sampled 
Beech Avenue site 
June 1964 9.7 12.2 19.7 18.5 20.5 19.5 14447 
July 196k- 6.8 9.2 14.3 25.1 23.5 21.1 10119 
Aug. 1964 9.2 15.1 15.7 19.7 16.3 23.8 3816 
Sept. 196k 26.6 10.4 12.6 23.5 17.2 9.8 3800 
Oct. 196k 52.8 10.9 8.0 10.1 9.5 8.7 4200 
Nov. 196k 57.0 10.7 9.2 10.7 4.9 7.5 1666 
Dec. 1964 kQ,3 11.9 10.5 8.1 10.8 10.3 3115 
Jan. 1965 49.2 15.9 7.7 7.7 7.0 12.6 948 
Feb. 1965 59.2 12.9 10.7 4.2 4.2 2.0 488 
Apr. 1965 lf2.5 13.3 10.6 16.3 11.8 5.5 2963 
May 1965 29.8 10.3 5.5 22.0 22.4 10.0 2954 
Ash Avenue site 
June 1964 11.2 12.5 17.2 23.6 16.6 18.8 9548 
July 196k 10.2 14.4 21.1 22.7 ' 15.9 15.8 5592 
Aug. 196k- 8.6 16.8 18.0 24.1 17.4 15.2 2904 
Sept. 1964 10.4 7.2 10.0 19.9 30.8 21.7 2971 
Oct. 196k 35.6 8.7 10.8 17.4 14.5 13.0 4522 
Nov. 196k 73.2 9.2 3.2 4.6 3.2 6.6 2378 
Dec. 1964 kk,5 15.5 12.6 9.2 8.2 10.0 '• 2578 
Jan. 1965 38.7 19.7 3.9 5.9 9.6 22.3 452 
Feb. 1965 25.8 11.2 8.1 7.5 16.1 31.4 322 
Mar. 1965 29.4 32.1 8.0 12.3 8.0 10.2 187 
Apr. 1965 30.4 11.0 12.2 17.0 16.6 12.7 1867 
May 1965 28.7 12.0 11.8 16.2 20.7 10.5 2377 
spring and that 20% or less remained ungerminated in the spil. 
Table 6 summarizes the distributions of seed of Polygonum pensyl-
vanicum contained in the top six inches of the soil profile. The same 
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Table 6. Distribution of seed of Polygonum pensylvanicum in the. top six 
inches of soil profile expressed as a percentage of the number 
of seeds removed 
Sampling Soil depth, inches Total seeds 
date 1 2 3 Ij- 5 6 sampled 
Beech Avenue site 
June 1964 15.5 13.4 18.5 16.8 18.6 17.2 3975 
July 1964 10.5 10.8 15.1 23.7 20.5 19.4 2064 
Aug. 196k 13.7 16.7 19.9 15.6 16.9 17.2 1315 
Sept. 1964 13.3 8.4 13.3 35.3 22.7 6.9 907 
Oct. 196k h2,k 8.2 10.0 12.4 13.6 15.3 691 
Nov. 1964 58.9 8.9 6.2 9.6 6.8 9.6 146 
Dec. 1964 46.7 • 24.8 10.2 6.1 7.3 ' 4.9 246 
Jan. 1965 29. u 39.2 17.6 9.8 6.7 17.3 255 
Feb. 1965 43.8 25.4 15.4 4.7 5.3 5.3 169 
Apr. 1965 62.8 14.8 7.5 9.1 4.8 1.0 1092 
May 1965 66.0 14.8 6.2 4.6 4.2 4.3 1493 
general pattern was observed with Setaria lutescens and Abutilon theophrasti. 
However, the increased percentages at the upper levels due to addition of 
newly matured seed persisted longer into the spring months. 
Seasonal dormancy condition of weed seeds 
In conjunction with the determinations of seed distribution patterns 
in the soil profile, a study was carried out to characterize the dormancy 
condition and germinability of the weed seeds found in the soil during a 
year of sampling. Conventional seed laboratory germination test procedures 
were used. Since separation of the seed from the soil involved drying 
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the seed overnight, an experiment was designed and conducted early in the 
study to determine the effects of this drying on germination. Washed 
seeds were placed in petri dishes, and placed in germinators without 
drying. Only small differences in germination percentages were noted, so 
subsequent samples were dried to facilitate removal of seed from the 
remaining debris of the soil samples. 
Germination percentages for seed of Abutilon theophrasti are 
contained in Table ?• Maximum germination occurred in April, following 
Table ?• Percentage germination^  of seed of Abutilon theophrasti 
removed from soil, sampled from selected field sites at 1-2 
week intervals during the period June 1964 to May 1965 
Sampling Depth of sample in inches 
date 123^ 56 Average 
June 1964 1.5 5,3 4.0 3.8 4.9 10.9 5.1 
July 1964 14.6 19.8 19.0 34.1 34.6 35.9 26.7 
Aug. 196U 7.5 15.2 18.4 19.7 17.0 22.0 16.9 
Sept. 1964 3.8 5.4 10.0 22.0 29.0 17.9 16.0 
Oct. 1964 3.5 2.8 8.0 41.7 15.8 12.1 8.3 
Nov. 1964 2.0 6.0 12.9 . 23.3 3.6 3.4 8.9 
Dec. 1964 35.3 25.7 33.7 24.4 34.4 44.2 33.2 
Jan. 1965 25.1 3.6 35.7 44.6 44.6 50.0 40.2 
Feb. 1965 22.9 37.5 100.0 46.7 45.2 41.3 40.2 
Mar. 1965 36.7 ItO.O 36.0 58.0 46.0 52.0 45.4 
Apr. 1965 47.5 57.9 52.6 65.4 69.2 48.1 56.6 
May 1965 8.1 3.5 5.6 18.8 20.0 18.6 12.6 
Percentage germination based on a variable seed number which 
exceeded 3OO seeds for all sites sampled. 
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a steady rise in germination rates from the previous December. A 
secondary peak in germination was noted in July. Figure.3 illustrates 
these patterns. 
It was observed further that most samples did not contain imbibed 
seeds except for a few samples obtained in July from the Ash Avenue site. 
The percentages of imbibed seeds were 0, 0, 3, 21, 43, and 68 for one 
through the six inch soil depths respectively. The presence of relatively 
large numbers of imbibed seeds at lower depths was observed also for 
seeds removed from two different sites at Beech Avenue. The average 
percentage germination for seeds from these locations was 20, 6o, 70, 62, 
65 and 58 for the one through six inch depths, respectively. Drying of 
the seed at higher temperatures has been suggested by LaCroix and 
Staniforth (1964) as a factor in the rupture of the hard seed coat 
condition. The higher germination of seeds buried at lower soil levels 
suggests however that another mechanism may be operative in termination 
of the hard seed coat condition in the field. 
The general seed dormancy patterns observed with the three species 
of Setaria were nearly identical. Each had peaks of maximum germination 
during either May or June, followed by an abrupt onset of dormancy in 
the latter part of July. The dormant condition persisted throughout : 
August, September, and October. This pattern of dormancy was considered 
to illustrate the environmental type as described by Bibbey (1948) 
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Figure 3» Germination percentages for seed of Abutilon 
theophrasti sampled at regular intervals during the 
period June 196k to May 19^ 5• 
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during the peak germination months, and inherent dormancy during the 
period of August, September and October. A few minor differences in 
the germination patterns were observed among the species of Setaria. 
Seed of Setaria viridis did not remain in secondary dormancy as long as 
did seed of Setaria lutescens and Setaria faberii. Seed of Setaria 
viridis showed also a slightly lower germination at the maximum peak. 
Tables 8, 9, and 10 summarize the percentage germinations at each depth 
and the total number of seeds used for the germination tests. 
Table 8. Percentage germination^  of seed of Setaria faberii removed 
from soil, sampled from selected field sites at 1-2 week 
intervals during the period June 1964 to May 19^ 5 
Sampling Depth of sample in inches 
date 1 2.3 4 5 6 Average 
June 1964 48.9 75.3 74.6 84.0 84.0 81.3 74.8 
July 196k 11.7 14.3 14.7 18.3 24.2 19.1 16.9 
Aug. 1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Sept. 196k 0.0 0.0 0.0 0.0 0.0 1.0 • 0.2 
Oct. 196k 0.0 0.0 0.0 0.0 0.0 1.5 0.3 
Nov. 1964 2.0 10.0 20.0 24.0 10.0 10.0 12.7 
Dec. 1964 31.0 34.5 28,0 31.5 37.0 37.0 33.2 
Jan. 1965 60.0 73.0 55.0 27.0 16.0 19.0 43.1 
Feb. 1965 64.0 44.0 42.0 36.7 52.0 1)0.0 42.4 
Mar. 1965 63.0 77.0 83.0 60.0 .47.0 66.0 67.7 
Apr. 1965 50.0 64.0 58.5 52.5 54.0 55.0 55.7 
May 1965 58.0 63.5 51.5 47.0 49.5 52.0 53.6 
percentage germination based on a variable seed number which 
exceeded 300 seeds for nearly all sites sampled. 
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Table 9* Percentage germination of seed of Setaria virdis removed from 
soil, sampled from selected field sites at 1-2 week intervals 
during the period June 196k to May 19^ 5 
Sampling Depth of sample in inches 
date 1 2 3 4 5 6 Average 
June 1964 46.2 60.0 53.6 63.2 50.2 62.2 55.6 
July 196k 30.6 35.0 25.1 38.8 38.5 36.5 36.9 
Aug. 1964 7.5 6.0 13.8 20.7 18.4 16.2 13.9 
Sept. 1964 3.0 5.0 2.0 4.0 3.0 4.0 3.5 
Oct. 1964 10.0 21.0 17.0 26.0 26.0 30.0 21.7 
Nov. 1964 52.0 58.0 46.0 38.0 50.0 33.3 47.5 
Dec. 1964 47.0 50.0 49.5 35.5 43.3 41.3 44.6 
Jan. 1965 46.0 34.0 48.0 24.0 48.0 74.0 39.1 
Feb. 1965 55.7 57.1 35.7 20.0 41.7 50.0 34.9 
Apr. 1965 20.0 36.0 42.5 50.5 41.0 52.0 38.5 
May 1965 35.5 39.0 43.3 44.9 44.2 41.8 41.0 
Percentage germination based on a variable seed number which 
exceeded $00 seeds for nearly all sites sampled. 
Table 10. Percentage germination^ of seed of Setaria lutescens removed 
from soil, sampled from selected field sites at 1-2 week 
intervals during the period June 1964 to May 19^ 5 
Sampling Depth of sample in inches 
date 1 2 3 4 5 6 Average 
June 1964 26.8 42.0 69.9 63.8 63.1 66.1 . 55.4 
July 1964 6.5 2.6 16.3 16.3 19.1 24.0 16.1 
Aug. 1964 0.3 0.7 0.7 3.0 2.7 2.0 13.8 
Sept. 1964 0.0 0.0 0.0 0.5 0.0 0.5 0.2 
Oct. 1964 0.0 1.0 1.5 1.5 2.0 1.5 1.3 
Nov. 1964 8.7 15.0 9.0 9.0 8.0 6.0 9.3 
Dec. 1964 20.0 18.5 15.3 16.8 16.0 21.5 18.0 
Jan. 1965 , 28.0 35.3 34.8 47.5 ' 35.4 35.3 35.1 
Feb. 1965 46.5 46.9 45.2 56.3 55.3 60.2 50.6 
Mar. 1965 54.0 63.0 54.0 66.0 34.0 1<0.0 -r 50.3 
Apr. 1965 43.3 55.5 79.5 78.5 72.8 65.8 65.9 
May 1965 43.3 55.5 79.5 78.5 72.8 65.8 65.9 
Percentage germination based on a variable seed number which 
exceeded 500 seeds for nearly all sites sampled. 
kk 
Figures 4, 5> and 6 illustrate the similarities and slight differences 
in-germination patterns and dormancy conditions over the year. 
The factors responsible for the development of secondary dormancy 
in seeds of the three species of Setaria were not evident at this time. 
Later studies of the effects of CQ^ :0^  ratios on seed germination in the 
laboratory suggested that higher temperatures coupled with lower 
diffusion rates of 0^  may have hastened the development of this type of 
dormancy. 
The pattern of seasonal dormancy observed.with seed of Polygonum 
pensylvanicum was characterized by low germination percentages, for 
example maximum germination in April reached only 15%. The results 
agreed with those of Bush (1964). Bush studied the emergence of 
Polygonum pensylvanicum from buried seed and observed an approximate 
germination of 70% in wet field soil. In contrast to this field ' 
germination he observed vfery little germination of seeds which were 
removed from soil and placed in a germinator. Therefore, he suggested 
that either termination of dormancy in seeds in the field was followed 
by prompt germination or that conditions in the laboratory were unsuitable 
for optimum germination. Further experiments carried out in this 
: 
present study relating the effects of 00^  and 0^  on germination support 
the suggestion that a low Og and high CO^  may increase the germination 
of seed in the soil. Thus, it would be expected that removing seeds 
Figure 4. Germination percentages for seed of Setaria faberii 
sampled at regular intervals during the period June 
1964 to May 1965. 
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Figure 5» Germination percentages for seed of Setaria viridis 
sampled at regular intervals during the period June 
196h to May 1965. 
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Figure 6. Germination percentages for seed of Setaria lutescens 
sampled at regular intervals during the period June 
196)k to May 1965. 
50 
100 
80 
1964 SAMPUN6 DATE (MONTHS) 1965 
51 
from the soil and placing in petri dishes .exposed to normal COg and 0^  
conc^ trations could reduce germination in this species. Figure 7 
illustrates the pattern of dormancy observed for Polygonum pensylvanicum, 
while Table 11 presents the percentage germination of seeds from various 
depths as observed over a period of one season. 
Table 11. Percentage germination^  of seed of Polygonum pensylvanicum 
removed from soil, sampled from selected field sites at 1-2 
week intervals during the period June 196k to May I965 
Sampling Depth of sample in inches 
date 1 2 5 4 5 6 Average 
June 1964 1.0 2.3 3.0 5.2 7.9 11.8 5.0 
July 1964 0.0 0.0 1.0 1.1 2.2 2.6 1.3 
Aug. 1964 0.0 0.0 0.0 0.0 0.9 0.0 0.1 
Sept. 1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Oct. 1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Nov. 1964 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Dec. 1964 1.1 0.0 0.0 0.0 0.0 0.0 . 0.4 
Jan. 1965 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Feb. 1965 2.9 0.0 11.5 0.0 11.1 11.1 4.3 
Apr. 1965 15.5 13.3 16.0. 1.6 20.0 16.7 15.4 
May 1965 9.3 6.0 10.1 14.5 22.6 8.6 10.5 
Percentage germination based on a variable seed number which 
exceeded 500 seeds for nearly all sites sampled. 
Oxygen Eequirements for Weed Seed Germination 
Preliminary experiments with variable 00^ :0^  ratios, suggested that 
germination was not different for seeds germinated at Og of % to 15^  if 
the total amount of 0^  present was large enough to be considered as 
Figure 7. Germination percentages for seed of Polygonum 
pensylvanicum sampled at regular intervals 
during the period June 196h- to May I965. 
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inexhaustible. Experiments were designed to determine the quantity of 
Og necessary to germinate a single seed, and further to assess the effects 
of very low oxygen levels on the germination of weed seeds when exposed 
subsequently to normal atmospheric levels of O^ . The techniques employed 
required the use of germinators in which various volumes of Og at 
atmospheric percentages could be placed. A value of the amount of 0^  
required per seed was then calculated by dividing the original volume of 
Og present in the germinator by the number of seeds that germinated. 
These values were large when the number of seeds germinating was small, 
a condition present in germinators of small volume of Og, and when the 
amount of Og was in excess of the amount needed for maximum germination 
of the seed present; the value was minimum when the seed germinated in a 
volume of Og neither limiting nor in excess of the amount needed for 
maximum germination. The Og requirement per germinated seed does not 
mean necessarily that this Og is used entirely for respiration, but 
reflects rather, the amount required for germination. This may suggest 
both a minimum percentage of Og necessary to stimulate the germination 
process as well as an amount used in the germination process per se. 
The seed germination containers used were test tubes and vials. 
Test tubes were adapted so that by displacing water, a preselected volume 
of, air could be introduced. Experiments using vials as germinators 
required the cutting of glass tubes to various lengths so that the volume 
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of air necessary to germinate a seed could be obtained. Vial germinators 
were used to reduce the variability in germination obtained with test 
tubes, due presumably to the moderating effects of the water at the 
bottom of the test tubes on the small volumes of air in the tube. 
Experiments with seed of Abutilon theophrasti 
Results from germination tests with seed of Abutilon theophrasti 
0 
germinated in vials of various sizes at 25 C. are summarized in Table 12. 
Table 12. Percentage germination^  of seed of Abutilon theophrasti 
germinated in vials with various volumes of Og at 25° C. 
ml of Og io Germination  ^Germination ml of 0^  
per 50 seeds under experimental after removal per germinated 
condition from treatment seed 
0.8 0.0 68.5 -
1.2 0.9 66.7 2.73 
1.6 7.3 58.8 0.44 
2.4 24.3 66.8 . 0.20 
3.6- 41.4 56.9 0.17 
5.7 49.5 67.3 0.23 
11.1 59.3 68.3 0.37 
25.3 59.0 64.5 0.86 
check 60.8 66.0 -
Percentage germination based on 1*00 seeds. 
Increases in germination were observed with each additional increment of 
Ogf up to the level of approximately 10 ml of Og/50 seeds. Beyond this 
point a further increase in 0^ , did not increase germination. Figure 8 
illustrates this leveling off of Og effect. The minimum amount of Og 
Figure 8. Percentage germination of seed of Abutilon theophrasti contained in vial 
germinators of various volumes of Og at 25° . 
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required per germinated seed was calculated to be 0.17 ml at 25° C. 
Subsequent germination of seed for one week with atmospheric Og levels 
under laboratory conditions, yielded germination percentages which were 
approximately the same for all treatments and for the controls. This 
suggested that ungerminated seeds were not affected by an exposure period 
of one week to conditions of a decreasing O2 supply. 
Flasks were used in experiments to determine the effect of a reduced 
percentage of 0^  on germination. Erlenmeyer flasks of 1000 ml capacity 
were filled, with air at 5%, 10^  and 20% 0^ . The number of seeds per flask 
was also varied from 100 to 800 seeds. Temperatures of 20° and 50° C. were 
used. Results are summarized in Table I5. A 10% decrease in germination 
was observed as the Og percentage was varied from 20% down to 5%. An 
increase in seed numbers from 100 to 80O resulted also in a decrease in 
total germination. Seeds exposed at 20° C. were removed after treatment 
and placed under atmospheric conditions. Decreases in total germination 
were observed with those seeds exposed initially to 5% Og. 
Results, from this study showed that non-donnant Abutilon theophrasti 
seed germinated if the level of Og present in the atmosphere was 10% or 
more and provided an adequate quantity of Og per seed was present. Seeds 
kept for one week in atmospheres of less than 5% Og showed a marked 
decrease in total germination, when tested tinder laboratory conditions. 
These results corresponded with those of Carr (1961) who stated that a 
59 
Table 13« Percentage germination of seed of Abutilon theophrasti "under 
various 0^  percentages in 1000 ml flasks 
Seeds/flask 3i • 
. .0„ percentage 
1(^ 0 2096 Average 
Temperature at 30° C. 
100 26.0 18.0 26.0 . 23.3 
200 14.5 23.0 27.0 21.5 
400 9.5 19.3 29.0 18.3 
800 10.4 15.6 19.0 15.0 
Average 15.1 19.0 25.2 19.5 
Temperature at 20° C. 
100 69.0 65.0 65.0 64.0 
200 — — — — 64.0 68.0 66.0 
400 27.0 24.7 65.5 39.1 
800 0.0 26.1 54.6 23.6 
Average 32.0 45.0 62.8 48.2 
Temperature at 20° 0., after removal from treatment 
100 16.1 22.9 41.7 26.9 
200 5.6 33.3 47.6 28.2 
400 5.5 24.3 27.5 18.4 
800 4.0 7.4 39.1 16.8 
Average 6.8 21.9 39.0 22.5 
critical stage in the germination sequence of seeds was reached when 
seeds were placed "under anaerobic conditions and which, if continued, 
resiilted in the death of the seed. 
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Experiments with seed, of Setaria faberii 
Setaria faberii seed from the I963 harvest contained a high percen­
tage of non-dormant seeds. Hence, seeds of this species were used in 
several experiments designed to evaluate further the effect of reduced 
Og levels on germination and to determine minimum Og requirements for 
germination. Results from experiments in which vials were used as 
germinators are presented in Table l4. A progressive increase in the 
germination rate was observed as Og volumes were increased up to 12 ml/50 
seed, over the temperature range of 15° to 30° C. Maximum germination 
occurred at 20° and 25° C. This agreed with results obtained by Morre' 
and Fletchall (1963) who obtained maximum germination with seed of 
Setaria faberii at 20° and 25° C. Figure 9 illustrates the germination 
percentages obtained with seeds contained in vial germinators. When the 
volumes of 0^  required for germination were calculated, the minimum Og 
requirement was approximately 0.10 ml/seed at 25°C. Results obtained 
with test tube germinators closely agreed with results with seeds 
germinated in vials. 
The minimum 0„ requirements for germination.of Setaria faberii seed 
2  — •  — — —  
were estimated quantitatively in a series of experiments in which Erlen-
I 
meyer flasks served as germinators. Variables included Og percentages 
of approximate 2.5, 5-0, 10.0, and 20.0, Og volumes of approxima,tely 13, 
26, and 52 ml per germinator flask for each Og percentage, and 
6l 
Table l4. Percent age germination®" of seed of Setaria faberii germinated 
in vials with various volumes 0^  
Temperature C. ml O2/5O 
seeds 
 ^Germination 
In vials 
% Germination 
Final total 
ml 02/ger-
minated seed 
0.4 0.0 94.7 
0.8 0.0 94.3 -
1.2 0.3 95.3 4.80 
15° 1.6 0.3 97.3 6.40 
2.4 22.3 94.3 0.11 
3.6 9.0 98.6 0.81 
5.7 58.8 98.6 0.20 
11.1 72.5 97.3 0.28 
25.3 66.8 98.6 0.76 
0.4 0.0 72.3 -
0.8 0.0 95.8 -
1.2 2.0 95.5 1.20 
20° 1.6 4.8 98.5 0.67 
2.4 29.3 93.8 0.16 
3.6 54.0 94.0. 0.13 
4.7 80.9 94.4 0.14 
11.1 85.5 93.3 0.24 • 
25.3 73.4 95.4 2.66 
0.8 0.0 93.3 -
1.2 2.3 86.8 1.07 
1.6 10.3 89.5 0.31 
25° 2.4 46.5 96.0 0.10 
3.6 56.5 96.3 0.13 
5.7 73.8 97.3 0.16 
11.1 88.5 96.3 0.23 
25.3 94.0 96.3 . 0.54 
0.8 0.3 49.3 6.40 
1.2 0.3 52.8 9.60 
1.6 5.3 44.0 0.61 
30° 2.4 . 29.3 63.3 0.16 
3.6 54.5 82.3 0.13 
5.7 70.0 87.8 0.16 
11.1 81.3 91.3 0.25 
25.3 84.3 89.3 0.60 
Percentage germination based on 400 seeds. 
Figure 9* Percentage germination of seed of Setaria faberii contained in 
germinator vials of various volumes of 0_ at 15°, 20°, 25°, and 
30° C. 
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temperatures of 25° and 50° C. Seed samples were 500 seeds per flask 
with three replicates. The various Og percentages were adjusted by-
evacuation procedures and checked with a Haldane-Renderson gas analyzer. 
An average of two analyses showed initial percentages of 2.52, 4.99, 
10.12, and 20.9 present in the germinator flasks at the start of the 
experiment. In a duplicate set of flasks, the possible effects of C0„ 
2 
build up during germination were assessed by absorbing the CO^  in a 20^  
solution of KDH, placed inside the germinator flasks. 
The pattern of germination at various 0„ concentrations is illustrated d 
in Figure 10. Threshold concentration of Og available to seed was shown 
to occur between 2.5^  and 3io, while only a slight increase was observed 
in the percentage germination as the Og concentration was raised from 5% 
to 20%. A notable exception to this general pattern occurred with seeds 
placed in germinator flasks with KOH containers at 30° C. A decrease in 
percentage germination of approximately 15% occurred with Og concentra­
tions of 5% and 10%. This may indicate that the minimum requirement of 
COg for seed germination was greater.at higher temperatures. The 
increase at the 20% Og level with this treatment suggested that all COg 
was not absorbed as quickly as it was evolved. Later flask experiments 
at 25° C. substantiated these suggestions, since a 3% COg level was 
found necessary for maximum germination. Thornton (195^ ) observed a 
similar need for higher COg at elevated temperatures for germination 
Figure 10. Percentage germination of seed of Setaria fàberii contained in 
germinator flasks at 250 and 30° C. 
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of lettuce seed in various stages of dormancy. 
Final total germination percentages suggested that seed maintained 
in concentrations, of 2.5^  Og for a one week period germinated consistently 
lower than seeds maintained at higher 0^  concentrations. The average 
decrease in germination for all treatments was 11%. Seed contained in 
germinator flasks at 30° C. was found to germinate approximately 29% 
below the percentage germination of seed at 20° C. 
Experiments with seed of Setaria viridis 
The effect of 0^  on germination of Setaria viridis was investigated 
by varying the volme of 0^  for predetermined numbers of seed in vial and 
test tube germinators. Because of low germination of non-dormant Setaria 
viridis seed, experiments were limited. Results are given in Table 15 
and illustrated in Figure 11. Highest germination percentages occurred 
at 20° 0. The- Og requirement per germinated seed was calculated to be 
0.07 ml at 20° C. A decrease in the germination percentage was observed 
for seed lots in germinator vials with volumes of 25 ml of Og. This 
suggested that a small amount of COg may be stimulatory to seed germination 
in seed of Setaria viridis, a consequence of COg accumulation in the 
smaller volume germinators. This effect was noted also with other species 
and was investigated further in seed of Polygonum pensylvanicum. 
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Table 15. Percentage germination®' of seed of Setaria viridis germinated 
in vials with various volumes of Og 
Temperature C. ml O2/5O 
seeds 
io Germination 
in vials 
Final total 
io germination 
ml Og/ger-
rainated seed 
O.I). 0.0 49.4 -
0.8 0.9 56.1 0.91 
1.2 8.3 56.1 0.15 
15° 1.6 15.3 58.9 0.10 
2.4 17.3 65.4 0.14 
3.6 22.0 69.9 0.17 
5.7 26.1 69.0 0.22 
11.1 30.5 79.3 0.37 
25.3 20.4 63.9 1.24 
0.4 0.0 43.0 -
0.8 4.0 32.8 0.50 
1.2 13.4 37.3 0.09 
20° 1.6 22.1 39.8 0.07 
2.4 20.9 34.0 0.11 
3.6 24.3 36.6 0.15 
5.7 38.0 47.6 0.15 
11.1 41.9 46.6 0.26 
25.3 24.3 32.5 1.04 
0.4 0.3 26.6 1.60 
0.8 2.9 30.4 0.28 
1.2 7.1 30.3 0.17 
25° 1.6 11.0 34.9 0.15 
2.4 21.0 47.5 0.11 
3.6 26.0 38.3 0.14 
5.7 32.5 44.9 0.18 
11.1 33.5 44.9 0.33 
25.3 22.8 31.5 1.11 
0.4 0.0 4.3 -
0.8 0.5 9.1 1.60 
1.2 2.6 12.4 0.46 
30° 1.6 10.8 16.9 0.15 
2.4 20.3 25.5 0.12 
3.6 . 14.0 18.4 0.26 
5.7 30.5 39.8 0.19 
11.1 34.9 38.8 0.32 
25.3 23.5 26.3 1.08 
P^ercentage germination based on 800 seeds. 
Figure 11. Percentage germination of seed of Setaria viridis contained in germinator 
vials of various volumes of O2 at 15°, 20°, 25°,and $0° C. 
PERCENTAGE GERMINATION 
OL 
71 
Experiments with seed of Polygonum pensylvanicvim 
The effect of Og on germination of non-dormant seed of Polygonum 
pensylvanicum was investigated by placing predetermined numbers of seeds 
in glass germinator vials of various volumes. Results are summarized in 
Table l6. The highest percentage in germination was found to occur at 
15° C. in germinator vials containing 12 to 25 ml of Og/25 seeds. This 
indicated that a particular COgiOg ratio stimulated germination. Figure 
12 illustrates these results. The amount of 0^  in the smaller vials may 
have been depleted before radicle elongation occurred. Experiments 
c 
described later, substantiated this COgZOg ratio effect. Temperature 
modified the COg^ Og ratio effects on germination. This was more evident 
when germination percentages for seeds which germinated after removal 
from the experimental conditions, were considered also. Total germination 
from the 15° and 20° C. treatments was 6o^  and 72^  respectively, while 
total germination from the 25° and 30° C. treatments was 2"% and 44% 
respectively. This pattern suggested that seeds at temperatures of 15° 
and 20° C. were stimulated to germinate after a COg exposure presumably 
resulting from respiration of the germinating seeds. At higher tempera­
tures the build up of C0„ appeared to be less effective in stimulating 
subsequent germination. Similar results were obtained from experiments 
with seeds in germinator flasks. These results are presented later but 
are referred to at this time to substantiate the suggestion that a build 
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Table l6. Percentage germination^  of seed of Polygonum pensylvanicum 
germinated in vials with various volumes of 0^  
Temperature C. ml Og/lOO 
. seeds 
% Germination 
in vials 
Final total 
% germination 
ml Og/ger-
minated seed 
0.4 5.0 73.5 0.08 
0.8 3.0 77.0 0.27 
1.2 13.0 64.5 0.09 
. 15° 1.6 29.0 66.5 0.06 
2.4 34.0 68.5 0.07 
3.'6- 41.5 62.5 0.09 
5.7 42.0 60.5 0.12 
11.1 38.0 54.5 0.26 
25.3 27.0 lK).5 0.93 
0.4 0.0 63.5 -
0.8 8.5 63.5 0.94 
19.5 78.0 0.06 
20 1.6 18.5 61.5 0.09 
2.4 15.5 81.0 0.16 
3.6 22.0 79.5 0.16 
5.7 18.5 73.5 0.27 
11.1 19.0 77.0 0.53 
25.3 13.0 75.5 1.92 
0.4 0.0 22.0 -
• 0.8 2.5 . 23.5 0.32 
1.2 17.0 26.5 0.07 
o
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16.0 25.5 0.10 
2.4 22.0 25.5 0.11 
3.6 22.0 23.0 0.16 
5.7 23.0 24.5 0.22 
11.1 22.0 23.0 0.46 
25.3 15.0 15.5 1.68 
0.4 0.0 59.5 -
0.8 5.0 50.5 0.16 
1.2 10.0 52.0 0.12 
30° 1.6 17.0 41.0 0.09 
2.4 21.5 56.0 0.11 
3.6 17.5 45.5 0.21 
5.7 17.0 38.0 0.29 
• 11.1 16.0 30.5 0.63 
25.3 14.0 25.0 • 1.79 
P^ercentage germination is based on 200 seeds. 
Figure 12. Percentage germination of seed of Polygonum pensylvanicum contained in 
germinator vials of various volumes of 0^  at 15°, 20°, 25°, and 30° C. 
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up to COg at temperatures of 15° and 20° C. provided a stimulus for 
subsequent germination of seeds of Polygonum pensylvanicum when they were 
later placed in atmospheric levels of COg and Og. The minimum Og 
requirement per germinated seed was calculated to be 0.055 ml, 0.062 ml, 
0.071 ml and 0.094 ml respectively, for temperatures of 15°, 20°, 25°, 
and 30° C. 
Seed Germination as Affected by COgZOg Ratios 
Preliminary experiments to assess the effects of variable COgiOg 
ratios on seed germination were carried out in anaerobic incubators in 
which variable CO^ zOg ratios could be established and maintained, and the 
temperature controlled. Both dormant and non-dormant seeds of several 
annual weed species were available for this phase of the study. In some 
experiments with the species of Setaria the lemma and galea were removed 
from the caryopsis; and with Abutilon theophrasti and Polygonum pensylvan­
icum the seed coats were nicked or removed. By these manipulations the 
effects of COgzOg ratios on the embryo and on the caryopsis could be 
assessed, together with the effects on entire seeds. After the incubators 
were filled with the appropriate 002:02 mixtures a Bailey gas sampling 
bottle was used to draw out a 25 ml sample which was analyzed on a 
Haldane-Renderson gas analyzer. The gas was .analyzed again at the end 
of the experiments. The seeds were allowed to germinate five to ten 
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days depending on temperature. Germination periods of more than five 
days at 25° C. resulted in excessive mold growth on some seeds, especially 
•when the CO^  percentages were above atmospheric. On this basis the 
germination period was adjusted to the temperature used in a particular 
test. 
Dormant seeds of the species used in this study did not respond to 
any of the COgiOg ratios used, however the general pattern of germination 
as affected by COgZOg ratios was determined with the non-dormant seeds 
of Abutilon theophrasti, Setaria faberii and Setaria viridis. COg percen­
tages as high as 20^  did not reduce germination of Abutilon theophrasti. 
seed provided sufficient 0^  was present. The percentage of 0^  required 
for germination was 10^  or more. A decrease in germination occurred 
when Og concentration was below 10^ ; essentially no germination was 
obtained with 0^  levels below High COg concentrations were observed 
to reduce germination of embryos. The seed of Setaria faberii and 
Setaria viridis germinated in a similar way except that concentrations 
of 10% COg were found to be effective in reducing germination and a 
definite increase in germination occurred when Og concentrations were 
approximately 50%. The main conclusion from these preliminary studies 
was that germination percentages decreased when the COg content was 
above 10% and 0 content was below 10%. 
Studies of C0g:0g ratios in the soil atmosphere have suggested that • 
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the composition of Og plus COg present is a constant ajid that any change 
which occurs in the composition of one results in a complementary change 
in composition of the other. The ratio as found by Ritchie (1964) varied 
from ambient to l8^  Og and yjo CO^  for cultivated soil. The effects of 
COgiOg ratios in this range proved negligible in reducing the germination 
rate of the seeds investigated. Therefore a revision of the initial 
hypothesis was required. 
Two possibilities are suggested. Either the seed contained in the 
soil was preadapted so that these ratios may be effective in maintaining 
the seed in environmental dormancy or there may be a diffusion factor 
which limits the rate of Og and COg movement around the seed contained in 
the soil. To simulate conditions relating to these alternatives a series 
of experiments were performed in which the COgrO^  ratios were studied in 
closed environments of different initial volumes. 
Available seed of Polygonum pensylvanicum and Setaria lutescens were 
highly dormant at the time these experiments were begun, and Setaria 
viridis seed germinability was low. The hard seed coat condition of 
Abutilon theophrasti made it a less useful species in these studies. 
Adequate supplies of non-dormant Setaria faberii seed were available in 
the fall of 196k and a good supply of non-dormant Polygonum pensylvanicum 
seed became available in April 1965. Further studies using flask 
germinators and gas chromatography were confined to seeds of these two 
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species. 
Effect of COgZOg ratios on seed of Setaria fàberii 
The effects of COgZOg ratios on germination of seed of Setaria 
faberii were estimated from experiments in which Erlenmeyer flasks 
served as germinators. Variables included percentages of 0^  of approxi­
mately 2.5, 5.0, 10.0, and 20.0; percentages of 00^  of approximately of 
0, 3, 6, 9, and 12; and Og volumes of approximately 13, 26, and 52 ml. 
Seed samples were 250 seeds per flask and the temperature was 25° C. 
The various CO^ zOg ratios were placed in the flasks by an evacuation 
procedure and analyzed before and after the germination period with the 
gas chromatograph. The deviations in ratios were calculated to be within 
0.5% of the desired ratio. Flasks of different volumes were used to 
keep the amount of 0„ per flask constant as the percentages were varied. d. 
For instance flask sizes of 125, 250, 500, and 1000 ml with 0^  percentages 
of 20, 10, 5, and 2.5 resulted in 0^  volumes of approximately 26 ml since 
the calculated flask size was sli^ tly larger than the marked volume of 
the flask. 
Results of the experiment are presented in Table 17. The main 
effect of a higher percentage of 0^  was to increase the germination 
percentage over all volumes of Og from 10% to 6o%. By separating out the 
effects of percentage of Og as related to the initial volumes present at 
the beginning of the experiment it was observed that at 13 ml of Og the 
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Table 17» Percentage germination®' of seed of Setaria faberii at various 
COgZOg ratios at 25° C. 
# 0 
ml of Og * io COg 2.5 5*0 10.0 20.0 Average 
0 0 6 41 25 18 
3 - 30 37 67 34 
6 1 7 . 36 22 17 
9 1 29 35 23 22 
12 0 17 1 0 5 
Average 1 18 30 28 19 
0 1 44 48 79 43 
3 7 57 68 83 54 
. 6 12 48 70 82 53 
9 8 42 " 61 75 46 
12 15 27 32 51 31 
Average 9 43 56 74 45 
0 19 42 59 79 46 
3 30 72 82 86 • 68 
6 32 l|0 68 89 57 
9 _ 1 39 60 88 58 
12 2 22 32 80 34 
Average 22 43 60 69 48 
. Percentage germination based on 250 seeds. 
increase was 0$ to 30^  and at 26 ml and 52 ml of Og the increase was 10^  
to 75^  and 20^  to 75^  respectively. This indicated that approximately 
0.1 ml of Og per seed was a minimum amount of Og required for germination. 
This agreed closely with results from other experiments. The 0.2 ml of 
Og per seed available at 52 ml per flask was in excess of the amount 
80 
required for germination and the 0.05 ml of 1)2 Per seed at 13 ml per 
flask was below the calculated minimum required for germination. The 
total germination percentage of approximately 30^  as compared to 70^  
to 75^  reflects that 0^  was depleted "before more than 30^  of the seed 
had reached the observable stage of germination. 
The effect of various COg percentages on germination is illustrated 
in Figure 13. The apparent observed trend was a stimulatory effect with 
3^  COg, a lower germination at 0^  CO^  and a definite inhibitory effect 
at 12^  COg. This effect appeared with limited amounts of Og also. 
For example, at 13 ml of Og a decrease in germination from 35?^  to 5^  
was observed as compared to a decrease in germination from $4^  to 31% 
and from to 3^ % for 25 ml and 52 ml respectively. 
Effect of C02:0g ratios on seed of Polygonum pensylvanicum 
The effects of COgCOg ratios on germination of seed of Polygonum 
pensylvanicum were estimated from experiments in which Erlenmeyer flasks 
served as germinators. The variables included Og percentages of approxi­
mately 2.5, 5.0, 10.0, and 20.0; percentages of COg of 0, 3; 6, 9, and 12; 
volumes of Og at the various Og percentages of approximately 13, 26, and 
52 ml; and temperatures of 15°, 20°, 25°, and 30° C. Seed samples were . 
125 seeds per flask. An evacuation procedure was used to adjust the 
C0g:0g ratio and the gas chromatograph was used to analyze the percentages 
before and after the germination period. 
Figure 13. Seed germination of Setaria faberii as affected 
by various COgiOg ratios at 25" C. 
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Results of the experiment run at 20° C. are presented in Table l8. 
Since the patterns of germination at 15°, 25°, and 30° C. were similar to 
Table iB. Percentage germination^  of seed of Polygonum pensylvanicum 
at various C0„:0_ ratios at 20° C. 
2 2 
i Og 
ml of Og % COg 2.5 5*0 10.0 20.0 Average 
0 16 15 18 10 • 15 
3 46 1^ 3 34 42 41 
6 43 46 53 48 47 
9 46 48 55 45 48 
12 52 66 68 56 61 
Average 4l 44 46 4o 43 
0 13 20 19 14 16 
3 46 39 36 33 38 
6 46 48 57 51 49 
9 52 49 60 55 54 
12 51 61 66 53 58 
Average 4l 43 46 4l 43 
0 21 9 18 14 16 
3 ' • 46 26 26 26 31 
6 46 42 50 45 46 
9 50 54 • 45 42 48 
12 6o 56 58 54 57 
Average 45 37 40 36 39 
percentage germination based on 125 seeds. 
the pattern observed at 20° C. the percentages at 13; 26, and 52 ml of Og 
are averaged together and are presented in Table 19» The percentage of 
COg present at the beginning of the germination period was observed to 
8k 
Table 19. Percentage germination of seed of Polygonum pensylvanicm 
under various ratios 
Temper­
* COg 
% 0_ 
ature C. 2.5 5.0 . 10.0 20.0 Average 
0 26 21 31 28 26 
5 59 48 57 59 56 
15° 6 56 56 59 62 61 
9 72 46 79 71 67 
12 63 40 76 71 62 
Average 55 42 62 58 55 
0 21 18 23 16 20 
5 57 45 k) 42. 46 
20° 6 56 56 64 60 59 
9 62 63 67 59 68 
12 68 - 76 80 68 73 
Average 53 ?2 55 49 52 
0 7 6 5 . 9 7 
3 26 21 23 24 24 
25° 6 27 27 23 33 28 
9 37 4o 28 34 35 
12 28 4o 31 to 35 
Average ' 25 27 22 28 26 
0 14 12' 19 19 16 . 
3 51 52 46 49 50 
30° 6 Ik 61 55 58 62 
9 10 64 60 65 65 
12 72 64 65 71 68 
Average 56 51 49 52 52 
P^ercentage germination "based on $00 seeds. 
"be the most effective varia"ble modifying germination. For example at 
20° C. the germination percentage, for all Og percentages, rose from 
85 
20^  to 75^ « There was a particularly high increase when the COg 
percentage was changed from 0^  to The effect of 0^  was negligible 
on the germination percentage. For example the over all germination 
percentages at 20° C. observed for germinator flasks containing IJ,.26, 
and 52 ml of 0„ were 4$, k-3, and 39 respectively with a regular increase 
in germination percentage at each volume of approximately 15% to 6o^  
as the percentage of COg was changed from 0 to 12. 
The germination patterns at the various temperatures of 15°, 20°, 
25° and 50° C. are illustrated in Figures l4, 15, l6, and 17 respectively. 
The germination pattern at these various temperatures was characterized 
by a proportionately large increase in percentage germination as the 
percentage of OOg was varied from 0% to followed by a more gradual 
increase in germination as the percentage of CO^  was increased from to 
12%. One noticeable deviation from these patterns at 15° C. was a 
decrease in germination percentage at 5% Og of 46 and 40 with COg 
percentages of 9 and 12 respectively. This may be explained partially by 
a consideration of the highest germination percentage observed from the 
various flasks containing these ratios. The highest germination per­
centage was 51 and 68 for the percentages of COg of 9 and 12 respectively. 
Since these percentages followed similar patterns the deviation probably 
was due to variation within the seed lot. 
Figure l4. Seed germination of Polygonum pensylvanicvim 
as affected by various COgZOg ratios at 15° C. 
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Figure 15- Seed germination of Polygonum pensylvanicum 
as affected by various C0g:0g ratios at 20° C. 
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Figure l6. Seed germination of Polygonum pensylvanicum 
as affected by various CO^ tOg ratios at 25° C. 
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Figure 17» Seed germination of Polygonum pensylvatiicum as 
affected by various COgiOg ratios at 50° C. 
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Additional Studies in Relation to the Effect 
of COg on Seed Germination 
The effects of high concentrations of CO^  on seed germination were 
studied further by measuring the uptake of water and Og on Setaria 
faberii seed and by germinating seed of Abutllon theophrasti. Polygonum 
pensylvanicum, Setaria viridis, and Setaria faberii in buffered solutions 
of pH four to six. 
Imbibition experiments 
Three separate experiments were carried out to determine the effects 
of Og and CO^  environments on water uptake by seed of Setaria faberii. 
The first two experiments were run at 20° C. using two replications of 100 
seeds each. The seeds were blotted dry and weighed after various imbibi­
tion periods, up to a maximum of 100 hours. 
The normal pattern of water uptake by seeds exposed to atmospheric 
levels of Og and COg showed rapid imbibition during the first 20 to 25 
hours followed by a leveling off during the interval of 30 to 6o hours, 
and followed by a second rapid increase in imbibition. Seeds placed in 
an environment of 50^  to 6o^  COg showed water imbibition response similar 
to those observed with air or high Og, except there was no increase in 
S 
imbibition after the leveling off period was reached at approximately 
50 hours. 
A further experiment was conducted at 25° C. with six replications of 
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100 seeds each in an environment of 25% CO^  and in a normal air environ­
ment. The pattern was similar to that found for seeds imbibed at 20° C. 
•with 50% to 6o% COg in the environment. Results of this experiment are 
illustrated in Figure,18. 
Oxygen uptake studies 
The effect of high percentages of COg on Og uptake of imbibed seeds 
of Setaria faberii was investigated by using the Warburg apparatus. 
Experiments were carried out with both washed and surface sterilized 
seeds. The uptake of Og by washed seeds was determined using the 
following procedures. Seeds were prepared by washing in distilled water 
and then placed on blotter papers at 20° C. for periods of 12, 24, $6, 48, 
60, and 72 hours in both atmospheric and high COg environments. Before 
placing the imbibed seeds in the Warburg flasks for Og uptake determina­
tions a second series of rinsings were carried out to minimize surface 
contaminants. Five replications of 100 seeds each were,placed in 2 ml of 
water contained in Warburg flasks. A 20% KDH solution was used in the 
center wall to absorb the COg which evolved. The experiment was carried 
out at 20° C. Readings were made at $0-minute intervals over a three-hour 
period. Table 20 summarizes the results of this Og uptake and also 
includes the results of Og uptake of surface sterilized seed in ambient 
and hi^  COg environments. 
Surface sterilization was used to further reduce contamination. 
Surface sterilization was accomplished by placing seeds in a filtered 
Figure l8. Uptake of water "by seed of Setaria faberii in air and in 25'^  CO, 
environments at 25° C. 
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Table 20. The uptake of Og by seeds of Setaria faberii after various 
periods of imbibition at 20° C.®-
Period of 0.03fo COg 7O/0 COg 
imbibition Og uptake Og uptake 
(hours) (fil/seed/hour) (|il/seed/hour) 
(Non-sterile seeds) 
12 13.5 —  -  -
24 22.0 • — — —  
36 20.6 —  —  —  
48 25.8 —  —  —  
6o 37.3 —  
72 49.4 —  
(sterile seeds) 
24 15.0 10.5 
36 24.2 6.0 
48 30.4 8.2 
60 36.8 8.2 
72 49.0 .9.8 
S^ee text for details of the experiment* 
calcium hypochlorite solution of for 3 minutes, during this time the 
pressure was reduced to 55 cm of mercury above the seeds. Seeds were 
then removed, and rinsed three times with sterile water and then placed 
in a sterile petri dish on a filter paper. Four replications of 200 
o 
seeds each were used for each determination. Seeds were kept at 20 C. 
The COg concentration was with seeds at normal atmospheric COg levels 
serving as checks. 
Results from this experiment indicated that 70^  COg concentrations 
reduced the Og uptake to about 8.5 |il of Og per seed per hour as compared 
99 
to a steady increase in the rate with seeds under normal atmospheric 
levels of COg. Also no large differences were noted in the uptake of Og 
between surface sterilized and surface rinsed seed. 
The sequence of Og uptake for imbibed seeds at ambient percentages 
at 20° C. was characterized by a steady rise up to about 2k hours, 
thereafter a leveling off in uptake occurred through the 48-hour period, 
at which time a second rapid rise in Og uptake occurred. It is believed 
that this latter rise corresponds to elongation processes which occur 
normally during this period of time and that this process is coincident 
with a phase in the germination process that fully commits the seed to 
germination. The high percentage of COg seemed to interfere with this 
latter step in germination, but did not seem to interfere greatly with 
the initial rise in Og uptake. 
Hydrogen ion effect on germination 
High concentrations of CO2 dissolved in water and in equilibrium 
with other COg species may result in an increase in the hydrogen ion con­
centration in the rapge of pH four to six. The possible indirect effect 
of COg, in increasing the hydrogen ion concentration was studied by germin­
ating seeds in a buffered solution at various pH values between four and • 
six. The buffer was used in concentrations of 0.1, 0.05 and 0.025 molar. 
Procedures involved placing seed on a filter paper in a standard size 
petri dish and adding eight ml of the buffered solution. Seeds were 
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then placed in a 20° to 30° C. alternating temperature germinator for a 
two-week period. Germination counts were made at the end of the first 
and second weeks. 
Results of the experiments, presented in Table 21, indicated 
Table 21. Germination percentages of various seeds germinated in 
buffers®- over the pH range from 4 to 6 at 20°-50° alternating 
temperatures 
Species pH Concentrations 
o.m 0.05M 0.025 M 
(Percentages 
based on 100 seed 
for 0.05 M and 50 
seed for other 
concentrations) 
Setaria faberii 
dist. HpO 
dist. HgO 
4.0 
4.2 
h.k 
h.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
12 
20 
8 
20 
54 
28 
30 
68 
58 
66 
66 
92 
92 
65 
67 
73 
86 
• 86 
96 
89 
97 
95 
94 
92 
100 
99 
86 
88 
96 
90 
92 
92 
88 
84 
82 
88 
90 
90 
94 
(Percentages 
based on 200 
seed) 
Setaria viridis 4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
34 
45 
42 
41 
34 
44 
48 
47 
\he buffer used was potassium hydrogen phthalate 
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Table 21 (Continued) 
Species Concentrations 
pH 0.1 M .0.05 M 0.025 M 
5.6 48 
5.8 54 
6.0 58 
dist. HgO 54 
dist. HgO 51 
Polygonum 
pensylvanicum 4.0 3 
4.2 10 
(Percentages 4.4 8 
based on 100 4.6 13 
seed.) 4.8 10 
5.0 9 
5.2 9 
5.4 . 8 
5.6 6 
5.8 9 
6.0 5 
dist. H2O 15 
dist. H2O 12 
Abutilon 
theophrasti 4.0 60 
4.2 76 
(Percentages 4.4 67 
based on 100 4.6 70 
seed.) 4.8 64 
5.0 66 
5.2 61 
5.4 69 
5.6 73 
5.8 69 
6.0 71 
dist. HgO 75 
dist. HgO 68 
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that Ijydrogen ion concentration in the pH range of four to six was not 
an important factor in preventing germination unless the concentration 
of the "buffer was raised to 0.1 M. Seeds of Setaria faberii were 
observed to drop in percentage germination when a 0.1 M buffer at a pH of 
about five was used. Only a very slight reduction in germination was 
noted for the various seed types at the lowest pH values when 0.05 M 
or 0.025 M solutions were used. In addition to the slight effect of low 
pK on germination the general pattern of mold growth was observed. 
Mold growth on seed of Setaria faberii occurred at pH levels of 5.2 to 
4.0 with heavy amounts of growth present at pH 4.4 to 4.0. This same 
pattern was also observed with seeds of Abutilon theophrasti. Only a 
slight amount of mold growth was observed on the seed of Setaria viridis 
at a pH of 4.0, and none at higher pH values. No mold growth was noted 
on seed of Polygonum pensylvanicum. 
Similar patterns of mold growth were noted in other experiments where 
COg concentrations above atmospheric levels were present. One explanation 
for this enhanced mold growth might be that membranes could become more 
permeable under the influence of high COg concentrations, thus allowing 
outward diffusion of substrates necessary for mold growth. A major 
implication of the effects of high COg is that weed seed in the soil may 
become more susceptible to attack by microorganisms. The destruction.of 
a large number of imbibed seeds by microorganisms is suggested by the * 
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work of Morre' and Pletchall (1965). In contrast to this suggestion it 
is usually recognized that high COg concentrations may keep the seed in 
a viable but dormant state (Kidd and West, 191?). The interaction of 
C0„ on environmental dormancy and the rendering of the seed to a condition 
C 
where it is susceptible to attack by microorganisms seem to be desirable 
areas for further investigations. 
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DISCUSSION 
This.investigation has delineated the dormancy conditions of seed 
of selected weed species present in the top six inches of soil during 
the various seasons of the year, has established quantitative estimates 
of the minimum 0^  requirement for germination and has de;nonstrated a 
probable major role of COgZOg ratios in the establishment and maintenance 
of these observed dormancy patterns. The basic premise suggested 
indicates that CO^  may be the major driving force of the environment 
controlling dormancy patterns of annual weed seeds present in the soil. 
Types of seed dormancy have been distinguished by Amen (19^ 5) on the 
basis of whether the seed is in a state of suspended growth due to some 
environmental factor or whether the seed condition is endogenously 
controlled and therefore independent of environmental factors. Environ­
mental dormancy is defined in the first instance and inherent dormancy 
in the latter case. In this study the dormancy condition of weed seed 
contained in the soil followed this pattern. 
Seeds of all species were highly dormant following maturation; 
this was considered inherent doimancy. . A shift from inherent dormancy 
to environmental dormancy occurred in fall and winter. For seed of 
Setaria faberii and Setaria lutescens inherent dormancy was broken by 
November or December. Seed of Setaria viridis became non-dormant as 
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early as October following harvest. Seed of Abutilon theophrasti 
first exhibited this change in December with a peak period of germin-
ability occurring in May. It has been established that seed dormancy of 
Abutilon theophrasti is due to a hard seed coat. It is suggested there­
fore that repeated freezing and thawing of the seed may provide the condi­
tions necessary to weaken the seed coat so that germination could occur 
when temperatures were higher. Wareing (19^ 5) states that freezing temp­
eratures were once believed to rupture the hard seed coat condition, but 
subsequent studies have revealed that termination of dormancy proceeds 
better at temperatures slightly above freezing. Also seeds of certain 
species with a chilling requirement do not always have hard seed coats. 
Seed of Polygonum pensylvanicum removed from soil and placed in germin-
ators followed a similar dormancy pattern, however at no time during the 
year did germination exceed 15^ . Bush (1964) observed a similar pattern 
with buried seed of Polygonum pensylvanicum. He found a very low per­
centage germination of seed placed in laboratory germinators at various 
temperatures as contrasted with a high percentage germination of seed 
left in the soil. The reason for this apparent discrepancy in germination 
was solved partially by placing overwintered seed in germination environ­
ments with variable COg concentrations. Overwintered seed of Polygonum 
pensylvanicum began to germinate in April. Seeds were washed from soil 
and used to determine the effects of COgzOg ratios on germination. 
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Concentrations of COg between 5^  and 12^  were found to stimulate 
germination as compared to seed placed within germinators where CO^  
was removed by KOH. Similar results were obtained with seed placed in 
other types of germinators where COg build-up was possible. Seed 
placed in petri dishes at ambient atmospheric conditions always germinated 
lower than seed that had received a COg treatment. Results from these 
various experiments suggest that COg may play a major role in the germin­
ation of this species. The actual mechanism of COg stimulation may be 
complex. Results from experiments with seed of Setaria viridis and 
Setaria faberii, placed in various environments containing different 
COgZOg ratios, suggested strongly that COg was also necessary for maximum 
germination. The stimulatory percentage was found to be approximately 
yjo for seed of Setaria faberii. Other results similar to the stimulatory 
response of seed of Polygonum pensylvanicum, Setaria viridis and Setaria 
faberii are given by Mayer and Poljakoff-Mayber (1965) who list Atriplex 
halimus and Salsola as examples where a minimum requirement of COg 
is necessary for germination. Ballard (1958) also demonstrated that 
imbibed seeds of Trifolium subterraneum were stimulated to germinate 
better when COg concentrations were between 0.3^  and Ballard 
(1961) advanced the hypothesis that one of the sequential steps leading 
to germination of seed of subterranean clover is a carboxylation, and 
that a certain minimum level of the resulting carboxylation product 
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would be required to remove the germination block. Thus, it is surmised 
that normal passage out of dormancy would follow a slow accumulation of 
this postulated carboxylated product and would further depend oh the time 
of formation of enzymes concerned in relation to time of maturity on the 
maternal plant. 
The maintenance of imbibed seed in a condition of environmental 
dormancy under favorable germination conditions is a possible adaptive 
mechanism for seed survival. Bibbey (1935) has discussed the need of 
adequate aeration for maximum germination of weed seed. Although other 
studies have also pointed that 02 is necessary for germination, few 
studies have included attempts to determine the amount of Og required for 
germination. The minimum requirement of Og per germinated seed was 
determined in this study and found to be approximately 0.1 ml of 0^  
per seed. Non-dormant seed of the species studied germinated almost 
as well as 0^  percentages of approximately 10^  as at ambient percen­
tages and in many cases germination proceeded with percentages as low 
as 5^  lAen 0^  was present in large enough amounts. Since the 0^  
percentage in the soil is usually measured as l8^  to, 20^  in cultivated 
fields the quantity of 0^  would be the major consideration if Og is 
asstmed to be limiting to germination. The amount of 0^  present in a 
volime of soil one-foot-square and six inches deep, assuming a soil 
porosity of 25^  and an Og percentage of l8^  is calculated to be 
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5 U 
approximately 4- x 10 ml. This would be enough Og to germinate 4 x 10 
seeds in this volume if the soil was kept in a closed container. However, 
since Og from the atmosphere is diffusing into the soil constantly, the 
total amount available would be greater. It is suggested therefore, that 
an increase in COg may be a more logical choice as a factor responsible 
for maintaining the dormant condition. A theoretical calculation of the 
various amounts of COg and Og dissolved in the water of imbibition of a 
seed of Setaria faberii is given in Table 22. If the soil temperature 
Table 22. Calculated amounts®" of CO- and 0 contained in water of 
imbibition^  of one seed of Setaria faberii at various 
temperatures 
Temperature COg g , Og Ratio 
C° gm X 10 gm X 10" COg/Og 
Part I. COg = mOyjo and Og = 20^  
0 .0803 1.17 .069 
10 .0566 0.91 .062 
20 .0^ 13 0.1k .056 
30 .0321 0.63 ,051 
^ .0258 0.56 .046 
Part II. COg = % and Og = l8^  
0 8.03 1.01 7.95 
10 5.66 0.79 7.16 
20 • 4.13 0.64 6.45 
30 3.21 0.54 5.94 
40 2.58 0.48 5.38 
henry's low constants used in calculations are from Brey (1958) 
page 66. 
W^ater of imbibition is assumed to be 8 x 10 ^  grams/seed. 
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Table 22 (Continued) 
Temperature 
gm^ x^ lO"® 
°2 -8 
gm X 10 
Ratio 
003/O3 
N 
Part III. COg = 6^  and Og = 1% 
0 16.07 0.84 19.13 
10 11.32 • 0.66 17.15 
20 8.26 0.53 15.58 
30 6.41 0.45 14.24 
40 5.15 o.k) 12.88 
was 50° C., the calculated amounts of COg at 0.05^ , 3^ , and ^  concentra-
-8 -8 , , -8 
tions would be 0.03 x 10 gm, 3.21 x 10 , gm and 6.41 x 10 gm respec­
tively. This change represents an increase of 200 times from 0,0% to 
o 
6f) COg. A decrease in Og percentages from 20^  to 1% at 30 0. results 
in a decreased amount of Og in water of imbibition of from O.63 x 10 gm 
to 0.45 X 10"^  gm, a decrease of only 1.4 times. In further experiments, 
the effects of high levels of COg on Og uptake were studied. Og uptake 
remained quite low for imbibed seed in high COg environments. This 
effect of lowered Og uptake would be a positive factor in the maintenance 
of seed in the soil. 
Seed of Setaria faberii, Setaria viridis and Setaria lutescens 
shifted from environmental doimancy to inherent dormancy very rapidly 
during the latter part of July. The causes underlying this rapid shift 
were not determined. However, results obtained from experiments with 
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the effects of various CO^ iOg ratios on germination suggest that at 
least two mechanisms may be operative. One mechanism relates to 
decreased availability of Og at higher temperatures which may either 
cause death of the seed or force the seed into inherent dormancy. 
Germination of seed of Setaria viridis with limited 0^  at high temperatures 
for one week resulted in a marked reduction in germination, reflecting 
either a reversion back into secondary dormancy or a loss of viability. 
Seed of Abutilon theophrasti exposed to environments of 5% or less of 
Og for one week showed a reduction in germination. A marked reduction in 
percentage germination was observed also for seed of Polygonum pensylvan-
icum germinated in limited Og environments at high temperatures. 
Thornton (19^ 5) concluded that a limitation of Og supply resulted in the 
onset of secondary dormancy. Mayer and Poljakoff-Mayber (1965) suggested 
that a limited Og supply may also have a detrimental effect on seed 
viability. Increases in acetaldehyde and alcohol as the end products 
of glycolysis are cited as probable causes of this reduced viability. 
These observations may not be substantially different when COg is 
considered as a factor interfering with the Og mechanism of the seed. 
A shift from a state of environmental dormancy to a state of inherent 
dormancy conditioned by hi^  temperature and low Og concentrations are 
considered most likely byVegis (1964). The availability of Og to the 
meristematic tissue contained inside the seed may be reduced by the 
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lowering of the diffusion rate as shown by Brovm (l94o), as well as 
to a lower concentration of Og. Vegis (1964) suggests that the final 
step in the terminal oxidative sequence may be blocked, thus interfering 
with growth processes usually dependent on terminal oxidation for energy 
requirements. Although this terminal step may be blocked, glycolysis 
is usually speeded up by higher temperatures. Hence, electron acceptors 
other than 0^  must be present. It is surmised by Vegis (1964) that these 
acceptors are intermediate compounds operative in differentiation proces­
ses. Such metabolic changes in the seed result in endogenously controlled 
mechanisms regulating germinative processes. The dormancy condition is 
then designated as secondary dormancy. Seed in a condition of secondary 
dormancy is considered also to be in a state which renders the seed less 
susceptible to adverse affects of unfavorable conditions. 
Vegis (1964) describes a mechanism whereby a restricted Og supply 
or a high COg level results in the formation of fatty acids and fats. 
The high COg would probably favor the formation of malonyl CoA. from 
acetyl CoA. in the first sequence of fatty acid synthesis. Two conse­
quences of fatty acid formation on the pattern of weed dormancy are 
suggested. The first would relate to preventing imbibition of water 
beyond the first steps noted in some experiments in which high COg 
was placed on seed during a water uptake study. The second-would 
help to explain why seeds were more resistent to effects of certain 
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chemicals such as 2,4-D and selenium salts. Although CO2 has been 
found to be inhibitory in many studies its role as a stimulant and as 
an inducing agent is now becoming more fully established. 
A basic premise of this study suggests that COg is a major factor 
regulating the dormancy condition of seed in the soil. Crocker and 
Barton (19^ 3) have stated that each type of seed possesses an internal 
mechanism for releasing gerrainative forces which are sensitive to one or 
several external conditions. Loomis (1957) has stated that the level of 
dissolved CO^  in the environment of a living cell is one of the most 
labile and neglected of all biological variables, capable of regulating 
both the rate of cell division and the processes of differentiation. 
The probable role of CO^  in regulating the dormancy condition of weed 
seeds is a basic approach to further elucidation of the nature of seed 
dormancy. 
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SUMMAEY 
This study was undertaken to characterize the dormancy condition of 
annual weed seed removed from soil samples over a period of one year and 
to study the effects of OOgiOg ratios in relation to these germination 
patterns. The condition of dormancy was determined from germination 
percentages of seeds placed in laboratory germinators. Seed that did not 
germinate was considered to be in a state of inherent dormancy while 
seed that germinated was considered in a state of environmental dormancy. 
The seed selected for study was from the following species ; Sétaria 
lutescens, Setaria faberil, Setaria viridis, Abutilon theophrasti and 
Polygonum pensylvanicum» 
The seeds from the Setaria species were found to be in a state of 
environmental dormancy during the winter and spring months with peak 
germinability periods in May and June. An abrupt change from environ­
mental dormancy to inherent dormancy was observed to occur during July 
for these seeds. Seeds of Abutilon theophrasti were highly germinable 
during two periods in the growing season, one occurring in April and one 
in July. The termination of dormancy is considered to result from 
natural rupture of the hard seed coat; other factors which may contribute 
to the termination of dormancy were considered. Seeds of Polygonum 
pensylvanicum were found to be low in germination percentage for most 
Ilk 
of the season with only a slight increase observed in May. This low 
germination was explained by the results of laboratory experiments which 
demonstrated that to 12^  COg was necessary for germination of this 
species. 
A quantitative estimate of the weed seed population in the upper soil 
depths was also determined through one season. The number of viable seeds 
that were present at one-inch increments through a depth of about six 
inches was found to be nearly equal. Seasonal variation due to the influx 
of newly matured seed and the subsequent germination of a higher percentage 
of seeds present in the upper levels accounted for the slight variations 
observed. 
Environmental dormancy of annual weeds as conditioned by CO^ zOg 
ratios was investigated. Normal COgZOg ratios found in the soil were 
found to have little effect in prolonging the environmental dormancy 
condition of seeds, but increased CO^  concentrations coupled with lower 
Og concentrations were found to be effective. The various factors are 
considered which might explain this relationship. The effects of 
COgZOg ratios on seeds in environmental dormancy were determined. 
Seeds of Setaria faberii were found to be stimulated slightly by COg 
concentrations in the range of if sufficient Og was present, while 
higher percentages of 10% or more were accompanied by a regular drop in 
germination. Seeds of Abutilon theophrasti were found to be stimulated 
slightly by low COg concentrations, however the effect of higher 
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percentages proved to be inhibitory. Seeds of Polygonum pensylvanicum 
responded to increased CO concentrations up to 12% in an almost linear 
fashion. Since only a small percentage germination was recorded for 
seeds in atmospheric environments it was concluded that CO^  seems to be 
necessary for the initial steps in germination for this species. The 
low percentage germination of seed removed from the field and germinated 
in petri plates was believed to reflect this need for COg. 
The amount of Og required per germinated seed was determined for 
the various species under conditions of different temperatures and 
different concentrations of CO. and 0„. The minimum amount of 0„ used 2 2 2 
per germinated seed fell in the range of 0.05 ml to 0.15 ml at 25° C. 
and at atmospheric pressures. 
This investigation has delineated the dormancy conditions of seed 
of selected weed species present in the top six inches of soil during 
the various seasons of the year, has established quantitative estimates 
of the minimum Og requirement for germination and has demonstrated a 
probable major role of COgtOg ratios in the establishment and maintenance 
of these observed dormancy patterns. The basic premise suggested 
indicates that COg may be the major driving factor of the environment 
controlling dormancy patterns of annual weed seeds present in the soil. 
il6 
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